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ABSTRACT
Field studies were conducted over three years to evaluate pieplant postemergence
herbicides for red rice control in rice under no-tOl water-seeded culture. Application of
paraquat or sulfosate phis thiobencarb and paraquat alone 3 days before seeding (DBS)
resulted in the greatest red rice control 11 weeks after seeding (WAS). Rice yield was
increased and percent red rice in rice grain decreased when paraquat or sulfosate was
applied in combination with thiobencarb compared with the nontreated control. Rice
yield was increased when herbicides were applied 3 and 7 DBS as compared with 14 and
28 DBS.
Aqueous extracts of cursed buttercup, low spearwort, and red rice reduced rice shoot
length and dry weight at least 17 and 92%, respectively. In in vitro studies, rice radicle
length and dry weight were reduced by several of the weed extracts. In greenhouse
studies, addition of 16,32,64, 128, and 256 ppm of cressleafgroundsel extract reduced
the pathogenic effect of Pythium arrhenomanes on rice by increasing rice emergence
between 1.7 to 3.1 tunes when compared with the nontreated control. Colony radial
growth o fP. arrhenomanes strains was reduced between 12 and 100% with rates of 520
and 260 ppm or more of cressleaf groundsel extracts when compared with the
nontreated control. Colony radial growth of P. irregulare was reduced between 23 and
43% with concentrations of 1020 ppm or more, while P. uitimum radial growth was
reduced between 19 and 72% with 260 ppm or more.
Weed biomass present at time of water-seeding in a no-till system can interfere with
rice seed-sofl contact resulting in stand reductions. The degree of rice stand reduction
x
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appears to be weed specific and is dependent on such factors as weed growth habit,
herbicide susceptibility, size at application, and speed of herbicide kill.
In a no-tOl system, soil residual ityury to rice from preplant application of oxyfluorfen,
2,4-D, and triclopyr was greater under a water-seeded compared with a dry-seeded
system. Quindorac and thifensulfuron + tribemiron were least injurious to rice under
both systems.

xi
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CHAPTER 1
INTRODUCTION
Rice is the main caloric energy source for approximately 40% of the world population
and provides 75% of the caloric intake of Asia's 2 billion people (De Datta 1988).
Approximately 53% of rice hectarage is grown under irrigated conditions with
approximately 146 million ha producing 73% of the world's rice. It is the most
important tropical cereal worldwide with an average yield o f3320 kg/ha (Fageria 1991).
Rice is cultivated in 111 countries on all continents (except Antarctica) from 53° N to
40° S latitude. China and India rank as the leading producers as well as consumers of
rice. Other major rice-producing countries include Japan, Thailand, Vietnam, and
Indonesia. In the United States, 1.4 million ha of long grain rice were planted in 1993,
with Arkansas (43%), Louisiana (19%), California (15%), Texas (10%), and Mississippi
(9%) constituting the main producing states (Anonymous1994a). The gross value for
rice production in Louisiana was $300 million in 1996, with a total value of $391 million
(Anonymous 1997a).
Weeds reduce rice yield and quality by an estimated 10% worldwide (Bayer 1991)
and 17% in the United States (Chandler 1981), compared with about 8% and 7% for
insects and diseases, respectively (James 1981; Schwartz and Klaasen 1981). Yield
losses attributed to weeds were estimated to be 34% in Texas, 12% in California and
Missouri, and 17% in Arkansas, Louisiana and Mississippi, with a total loss for the
United States of 1.4 million metric tons valued at $269 million (Chandler 1984). Losses
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because of weeds in Louisiana rice production have been estimated at $10 million
annually (Anonymous 1992).
IMPORTANCE OF RED RICE (Oiytm utim L.) AS A WEED IN CULTIVATED
RICE (O jw sa tw L ) AND MANAGEMENT STRATEGIES
Red rice is listed as one of the worst weed problems facing rice producers in the
USA, Brazil, Colombia, and Venezuela (Gonzalez et al. 1983; Goss and Brown 1939;
Silveira and Aquino 1983; Smith 1983). In Brazil, annual losses caused by red rice are
valued at US $100 million (Pulver 1980). Red rice was repotted to infest rice in the U.S.
as early as 1846 (CraigmOes 1978). In 1993, approximately 75% of the 230,000 ha of
rice grown in Louisiana were infested with red rice1and in 1996, close to 100% of the
rice hectarage in Louisiana was infested2.
Although current nomenclature would suggest that red rice is identical to cultivated
rice, phenotypical differences between the two exist Red rice is characterized by more
rapid germination and emergence, higher root cation exchange capacity, hispid light
green leaves, tall slender culms, pubescent plants and seeds, a red colored seed coat or
pericarp containing anthocyanins, profuse tillering ability, plant lodging, shattering of
grains, and seed dormancy (Clavijo 1987; Cohn and Hughes 1981; Craigmiles 1978;
Diarra et al. 1985a; Sonnier 1962). Red rice kernels can be soft or brittle, and excessive
breakage during milling can lead to a reduction in milling yields and value of the
marketable grain. No differences in nutritional value exist between red rice and

‘Seilhan, P. Personal communication,
^inscombe, S. Personal communication.
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cultivated rice cuhivars (Dunand 1988; Smith 1981). Shattered grains o f red rice remain
dormant and can stay viable in the soil for a period of 7 years (Craigmiles 1978).
Two types of red rice have been reported in the US, blackball, with long awns, and
strawhuU, usually awnless (Smith etaL 1977; Smith 1981). The strawhull type is more
prevalent than blackhull. Constantin (I960) reported an intermediate type (grayfaull) in
Louisiana. Rice yield was reduced up to 82% from season-long interference of dense
populations of red rice in Arkansas (Diarra et al. 1985b). The average rice yield for that
state was 5,900 kg/ha in 1994 (Gannon 1997). Season-long competition of 35 red rice
plants/m2 reduced grain yields o f‘Lemont’ rice by a maximum of 90% (Kwon et al.
1991a). For optimum grain yields, potentially damaging densities of red rice should not
be permitted to compete for longer than 60 days after emergence of rice (Kwon et al.
1991b). Red rice densities of 1 to 3 plants/m2are adequate threshold infestations for
implementing control practices to prevent yield and quality losses of rice grain (Smith
1988). If 20 red rice plants/m2 shattered only 35 seeds/m2before rice harvest, and only
20% of those germinate with the next crop, a rice yield reduction of 50% can be
expected (Fischer and Ramirez 1993). Pantone and Baker (1991) predicted that rice
grain losses for the cuhivar ‘Mars’ caused by red rice densities of 4,16, 25, and 300
plants/m2 were approximately 13, 37,48, and 92%, respectively, at a fixed cuhivar
density of 100 plants/m2.
Red and commercial rice vary in herbicide susceptibility. Baker and Bourgeois
(1976) reported that red rice is more susceptible to molinate (S - ethyl hexahydro - 1H azepine - 1 - carbothioate) and thiobencarb (S - [(4 • chlorophenyl)methyl]diethyl
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carbamothioate) than rice cuhivars 'Starbonnet', Labelle', and TR 20'. Baker and
Bourgeois (1976) reported that, although chemical control o f red rice in greenhouse
experiments was 100%, maximum control in the field with natural red rice infestations
was only 80%.
Several management strategies have been assessed to reduce red rice infestations.
Effectiveness of herbicides is limited since both rice and red rice are the same species.
Herbicide efficacy and application timing studies to evaluate selective control of red rice
in domestic rice have resulted in only partial success (Anonymous 1994b; Hill 1978;
Klosterboer 1978; Kwon et al. 1991c; Parker and Dean 1976; Smith 1977; Smith 1979;
Smith 1981; Smith 1983). Continuous flooding after rice seeding provided partial red
rice control, which is one of the reasons that rice grown in southwest Louisiana is water*
seeded more often than dry-seeded3. Growth regulators have been partially successful in
inhibiting red rice seed head development (Dunand et al 1986). Rotation o f rice with
soybeans has proven to be a successful approach (Morrison 1996). Chemical control of
red rice is accomplished during the rotational soybean crop, which leads to a reduction in
red rice populations in the subsequent rice crop (Griffin et al 1986; Khodayari et al.
1987). The latest approach to red rice control is the use of transgenic rice cultivars that
are resistant to herbicides that normally will Idll both red rice and domestic rice
(Braverman and Linscombe 1994; Oard et al. 1996).

’Bollich, P. K Personal communication.
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NO-TILL WATER-SEEDED RICE PRODUCTION SYSTEM COMPARED TO
CONVENTIONAL TILLED RICE
Conventional tillage is the traditional system for land preparation in rice. In southwest
Louisiana, most water-seeded rice is planted into conventionally tilled seedbeds under
flooded conditions, a cultural practice known as puddling (Bollich and Feagley 1994).
Disking, vibrashanldng, and conditioning with a roller harrow are some of the field
operations used to destroy existing vegetation (including red rice) and to establish a
uniform, level, weed-free seedbed (Bollich and Sanders 1993). Adequate seedbed
preparation is important since water management in water-seeded rice is critical for
fertilizer efficiency and stand establishment. However, excessive rain in spring often can
delay conventional seedbed preparation, and additional field operations are generally
required resulting in delayed planting. Therefore, production costs increase, and delays
in planting can result in significant yield reductions. Another consequence of the
puddling system is the release of significant amounts of suspended solids and nutrients in
flood water released from the field. These discharges have been associated with water
quality degradation in surface waters that receive rice field effluent (Bollich and Feagley
1994).
Alternatives to conventional seedbed preparation are no-till and stale seedbed
preparation (reduced tillage). The no-till planting system does not require soil
preparation. At the beginning of the planting season a herbicide bumdown treatment is
applied to Irill the vegetation present in the field. This vegetation may be from a cover
crop such as, clovers (Trifolium spp.), hairy vetch {Vida villosa Roth), rye {Secede

i!
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cereale L.), ryegrass (Lothm m ultiflonm Lam), tall fescue (Festuca anmdinacea
Schreb), wheat (Triticum aesthmm L.), and others (Jordan 1995a; Weston 1990; Yenish
et al. 1996) or from winter weeds such as btuegrass (Poa annua L.), that germinated
following the previous crop harvest (Morrison 1996;). Two to 14 days after
application, depending on the herbicide used (Anonymous 1997b), the field is flooded
and presprouted rice is seeded by airplane (Anonymous 1987). A water-seeded reduced
tillage system may include planting presprouted rice into a flooded stale seedbed tilled in
the spring 4 to 6 weeks prior to planting or planting into a flooded stale seedbed tilled 5
to 6 months before planting (Bollich and Sanders 1993).
An important advantage of the no-till rice system is that it reduces the levels of total
suspended solids and some dissolved dements during the initial drain. Other advantages
of this system include freeing labor for other fanning operations in the busy spring
season (Jordan et al. 1995b) and reduced wind and water erosion, rainfall runoff and soil
compaction (Blevins et al. 1971; Hayes 1982; Phillips 1984; Young 1982). In addition,
the mulch vegetation cover may provide excellent short-term weed suppression (Putnam
et al. 1983; Jordan et al. 1995a; Yenish et al. 1996). Disadvantages of the no-till system
include a reduction of biological oxygen demand and reduced rice stand density and
grain yield (Bollich and Feagley 1994). The explanation for the negative effects on stand
and yield are unknown.
Conservation tillage practices have increased in popularity as part of an effort
towards a sustainable agriculture and are now used in many crops. Limited-tillage
techniques in Sri Lanka, Malaysia, and the Philippines are now used on over 300,000 ha
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of land per annum in rice alone (Watson and Allen 1985). In Japan, in 1977,200,000 ha
of rice were established under limited tillage (Watson and Allen 1985). Rice was first
grown using a reduced tillage system in Louisiana in 19751. However, it was not until
1990 that a sharp increase in no-till and reduced tillage rice hectarage occurred, hi 1993,
more than 12,000 ha were in no-till and 32,000 ha in reduced tillage systems1. In 1996,
approximately 15% of the total rice area in Louisiana was in either a no-till or a reduced
tillage4 system.
A current limitation for a no-till and reduced-till cropping system is lack of registered
herbicides (Bollich and Sanders 1993). Other factors, such as presence of dead weed
biomass (Bollich and Feagley 1994), allelopathic effects of weeds (Porwal and Mundra
1992), rice seedling diseases caused by Pythhm spp. (Schneider et al. 1988), or changes
in field water quality including pH and oxygen content (Bollich and Feagley 1994;
Chapman and Peterson 1962; Faulkner et al. 1989) caused by the decomposing dead
weed biomass also may occur and play a role in rice stand establishment in no-till waterseeded rice.
POTENTIAL INTERACTIONS OF WEED PLANT EXTRACTS WITH RICE
AND RICE SEEDLING DISEASE IN WATER-SEEDED RICE
Competition with weeds for light, water and nutrients is usually considered to be the
major reason for crop yield reductions in the field, hi addition, considerable efforts have
been dedicated to evaluate the effect of chemicals released by plants on the germination
and growth of other plant species (An et al. 1993; Dekker et al. 1983; Devine et al.

4Sanders, D. E. and J. K. Saichuk. Personal communication.

j
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1993; Gopal and God 1993; Horsley 1976; Lazo 1992; Putnam 1994; Whitaker and
Feeny 1971). Molisch (1937) coined the term ‘aUdopathy’ to refer to biochemical
interactions between plants of all kinds, including the microorganisms typically placed in
the plant kingdom. Martin and Rademacher (1960) and Muller (1966) used the term
alldopathy to refer to the deleterious effect that one higher plant has on another through
the production of chemical retardants that escape into the environment. Fuerst and
Putnam (1983) included competition and alldopathy as part of the interference concept.
This concept is important since use of no-till or reduced tillage systems will result in crop
and weed residues on the soil, which may play an important role in the production of
alldopathic substances (Almdda 1988; Horowitz and Friedman 1971; Liebl and
Worsham 1983; Patterson 1986; Rice 199S; Russd 1986; Tukey 1969).
Weeds play an important role in water-seeded rice production in Louisiana
(Anonymous 1987). In the case of no-till water-seeded rice, there is an additional factor
to consider which is the amount of dead weed biomass present on the soil surface
following herbicide application. Once the fidd is flooded and presprouted rice is seeded,
the dead weed biomass is in direct contact with the pregenninated seed in the flood
water. The aqueous weed extracts produced under these conditions may have a
deleterious effect on rice shoot and radicle growth. This effect may explain rice stand
reductions observed in no-till water-seeded rice (Bollich and Feagley 1994).
Several weeds have been reported to inhibit rice seedling growth. Porwal and
Mundra (1992) found that boiled and unboiled aqueous extracts o f junglerice
(Echinocloa colona L. Link) top growth significantly reduced coleoptile and radicle

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

9
lengths of paddy rice. Abdul-Wahab (1964) determined that crude ethanol and water
extracts of johnsongrass (Sorghum halepenx L. Pen.) rhizomes partially inhibited the
germination o f rice grains. The chemical composition o f Senecio and Ranunculus spp.,
two weed genera present in the rice production area in southwest Louisiana, have been
studied in more detail because of their tosiceffccts on mammalian systems (Kingsbury
1964). Gander and Oliver (1996) reported an inhibitory effect of Ranunculus bulbosus
L. on soybean germination. However, no reports were found of allelopathic effects on
rice for Senecio spp. If there were any negative interactions of rice seedling growth with
the evaluated weed extracts, there may be some practical implications for weed
management strategies. For example, herbicides used in rice could be selected in order
to enhance the control of some weeds with deleterious effects on rice, compared to
others without that effect. Another question to be addressed is possible effects of weed
extracts on Pythium spp. and rice seedling disease. If biologically active compounds are
released from decaying biomass into the flood water, seedlings may be predisposed to
infection or the Pythium spp. may be inhibited.
Also of interest in no-till systems is the fact that extracts of weeds treated with
herbicides such as paraquat (1, r-dimethyM^'-bipyridinium ion), giufosinate (2-amino-4(hydroxymethylphosphiityl)butanoic add), and glyphosate (N-(phosphonomethyl)
glycine) showed different degrees of inhibition of dicots like pigweed (Amaranthus
retroflexus L.), common purslane (Portulaca oleracea L.), Pennsylvania smartweed
(Polygonum pensyhanicum L ), and hairy galinsoga (Galimoga ciliata (Raf.) Blake)
(Nagabushana et al. 1996). Therefore, it is necessary to determine if extracts of

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

10
herbicide-treated weeds play a role in the repotted rice stand reductions in no-till waterseeded rice.
EFFECT OF DEAD WEED BIOMASS AND RICE SEEDLING DISEASE
CAUSED BY Pythium, IN NO-TILL WATER-SEEDED RICE IN RELATION TO
TILLAGE MANAGEMENT
Poor rice stand establishment has been reported in no-till water-seeded rice (Bollich
and Feagley 1994), reduced tillage rice (Boerema and McDonald 1967), and other crops
(Weston 1990). This may be caused by excessive dead weed or cover crop biomass
present in fields after herbicide application (Bollich 1992; Bollich and Feagley 1994;
Jordan et al. 1995b). Dead or dying vegetation may act as a barrier between the
presprouted rice and the soil surface, thereby reducing rice seedling anchorage in the soil
(Bollich and Feagley 1994). Attempts have been made in order to evaluate and measure
weed densities in the field (Garrett 1995).
Dead weed biomass on the soil surface in no-till systems also may affect rice seedling
disease. Strategies for lowering disease losses from soilborae pathogens with tillage
varies with the cropping system and other cultural practices (Sumner 1994). Plowing
moves plant debris from the soil surface to a zone 10 to 30 cm deep and brings soil from
a lower depth to the surface. Populations of Pythium spp. were moved from the top 10
cm of soil to the subsoil by plowing (Sumner et a l 1980). In contrast, minimum tillage
concentrated plant debris and populations oiPythium spp. in the top 10 cm of soil
(Sumner et al. 1981). Fallowing may have increased populations ofPythhm spp. in
Kansas before planting alfalfa (Mechcago sativa L.) (Grandfield et al. 1935). In the
eastern USA, deep tillage with a moldboard plow, and the use of seed or soil fungicides,
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and crop rotations were beneficial in controlling Pythium spp. in snap beans (Phaseohts
vulgaris L.) (Sumner et al. 1986).
These reports contradict the observations of Lumsden et al. (1987) who found that
damping-offcaused by Pythhm spp. was less severe in soils from the chinampa system in
Mexico than in soils under the modem conventional system of cultivation. In the
chinampa system, fields are maintained by incorporating into the soil large amounts of
vegetation and form animal manures as well as sediment from the irrigation system
(Gtiesman et al. 1981). The elevated bological activity, especially of known antagonists
such as Trichoderma spp.. Pseudomonas spp., and Fusarium spp., can suppress the
activity of P. aphanidermatum, other Phythan spp., and perhaps other soilborne plant
pathogens (Lumsden et al. 1987). Compost added to soil with Pythium spp., causing
damping-off in peas (Pisum sativum L.) and snap beans, either did not affect disease or
in some cases increased it. When enough time was allowed after the compost was added
for resident microbial flora to be affected, disease enhancement was reversed and the soil
suppressed disease caused by Pythium spp. (Lumsden et al. 1983). In other systems high
organic matter content in Australian soils improved soil structure, moisture holding
capacity, and provided a complex microflora antagonistic to plant pathogens (Broadbent
and Baker 1975).
Damping-off has not been reported to be an economic problem in rice in the tropics
(Ou 1985). However, in the US, damping-offwas reported in water-seeded rice in
California (Webster et al. 1970; Webster and Gunnel 1992) and Louisiana (Lamey 1965),
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and is considered a problem in water-seeded rice (Anonymous 1987; Groth et al.1991;
Rush and Schneider 1990; Schneider et al. 1988).
Even though there are reports o f dead weed biomass reducing rice stands in no-till
and reduced tillage (Bdlich and Feagley 1994), and information is available for rice
seedling diseases for conventionally grown rice, neither the cause of poor stand
establishment in no-till rice nor its interaction with seedling disease is known. Therefore,
one o f the objectives of this research was to evaluate the interaction of rice seedling
disease, caused by Pythhan spp., with the dead weed biomass in no-till compared to
conventional tillage treatments and its relationship to reported seedling stand reduction
in no-till water-seeded rice.
PREPLANT WEED CONTROL FOR WEED BIOMASS REDUCTION IN NO
TILL AND REDUCED TILLAGE RICE
Preplant weed control in no-till and reduced tillage rice is becoming an area of
increased interest to growers and researchers (Locke and Bryson 1997). There are
reports of reduced rice stands in water- and dry-seeded no-till and reduced-till rice
systems (Bollich and Feagety 1994; Jordan et al. 199Sb). One major factor involved
could be the excessive dead weed biomass on the soil surface at the time of rice seeding.
In addition, there are some broadleafweeds present in the field before the rice planting
season, such as curly dock (Rumex crispus L.), cressleaf groundsel («Senecio glabellus
Poir ), annual sowthistle (Sonchus oleraceous L.) and others, which are difficult to
control and therefore contribute even more to the excessive weed biomass present at
seeding time. For that reason, in addition to bumdown herbicides used traditionally in
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no-till and reduced tillage systems, other herbicides with an increased broadleaf weed
control potential need to be evaluated. With this strategy a reduction o f dead weed
biomass at the time of rice seeding may be achieved and reductions in rice seedling
stands could be addressed. Use of herbicides that reduce weed biomass would be a
necessary component in weed management systems in reduced tillage and no-till waterseeded rice in order to reduce weed biomass (Helms et al. 1994; Wauchope et al. 1992).
The no-till and reduced tillage water-seeded rice production system is highly complex
and largely unexplored. While poor stand establishment in no-till systems has been
documented, the cause of this production constraint is not known. We know little about
diseases in this system, but more importantly there is a paucity of information on weed
management practices. The objectives of this dissertation were: 1) to evaluate
bumdown herbicide combinations and application timings for control o f red rice; 2) to
investigate the potential interaction o f aqueous extracts of several untreated and
herbicide treated weed species on cultivated rice and red rice shoot and radicle growth;
3) to evaluate the potential interaction between cressleaf groundsel (Senecio glabellus
Poir.) aqueous extracts and rice seedling disease caused by Pythhm spp.; 4) to evaluate
the interaction of dead weed biomass resulting from herbicides and tillage systems and
rice seedling disease caused by Pythhm spp. and its effect on rice stands; and 5) to
assess rice injury caused by residual activity of herbicides applied as component of a
preplant weed control program.
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CHAPTER 2
RED RICE (Oiyzt«crthw L.) CONTROL IN REDUCED TILLAGE WATERSEEDED RICE (Oryza sathm L.) AS INFLUENCED BY HERBICIDE
PROGRAM AND APPLICATION TIMING
INTRODUCTION
Weeds are a major pest of rice (Oryza sativa) reducing yield and quality by an
estimated 17% to 34% in the United States (Chandler etal. 1984). Total losses for the
United States w oe estimated at 1.4 million metric tents valued at S269 million (Chandler
etal. 1984). Red rice is also one of the worst weed problems facing rice producers in
the US, Brazil, Colombia, and Venezuela (Constantin 1960; Dodson 1898; Gonzalez et
al. 1983; Goss and Brown 1939; Silveira and De Aquino 1983; Smith 1983). In 1993,
75% or more of the 230,000 ha of rice grown in Louisiana were infested with red rice5.
In 1996, close to 100% of the rice hectarage was infested6.
In Arkansas, rice yield was reduced as much as 82% with season-long red rice
interference (Diarra et al. 1985). The average rice yield for that state in 1994 was 5,900
kg/ha (Gannon 1997). Season-long competition of 35 red rice plant/m2 reduced
‘Lemont’ rice grain by a maximum o f 90% (Kwon et al. 1991a). A red rice density of 5
plants/m2 was sufficient to reduce number of rice grains per panicle by 8% to 18%
(Diarra et al. 1985). Elimination of red rice competition during the 60 days following
rice germination is essential for optimum grain yields (Kwon et al. 1991b). A red rice

’Seilhan, P. Personal communication,
^inscombe, S. Personal communication.
22
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density of 1 to 3 plants/m* can be considered an adequate threshold for initiation of
control practices to prevent yield and quality losses office grain (Smith 1988).
Application of glyphosate (N-<phosphonomethyl)gtycine), sulfosate (trimethyl
sulfonhun (carboxymethylaminomethylphosphonate)X ghifosinate (2-amino-4-(hydroxy
methylphosphinyObutanoic acidX paraquat (1,1'-dimethyl-4,4'-bipyridinium ion), or
thiobencarb (S-[(4-chlorophenyi)inethyl]diethylcarbainothioate), have provided only
partial control of red rice (Anonymous 1996; Anonymous 1997; Baker and Sonnier
1983; Dunand and Baker 1994; Hill 1978; Kk>sterboer 1978; Parker and Dean 1976;
Smith 1979; Smith 1981). hi greenhouse experiments, Noldin et al. (1994) obtained
approximately 88% control of most red rice ecotypes with thiobencarb, while paraquat
and ghifosinate at 0.7 and 0.S6 kg ai/ha provided 83 to 100% control, respectively.
Rotation of rice with soybean [Glycine max (L.) Merr.] has allowed for the control of
red rice during the soybean cycle which has reduced red rice populations in the
subsequent rice crop (Griffin et al. 1986; Khodayari et aL 1987; Morrison 1996).
Conventional tillage is the traditional system for land preparation in rice and in
southwest Louisiana is often conducted under flooded conditions. Conventional tillage
followed by continuous flooding after rice seedling establishment partially controls red
rice and is a major reason rice grown in this area is water-seeded rather than dry-seeded
(Bollich and Feagley 1994). In Louisiana, reduced tillage rice culture was first initiated
in 1975s. However, it was not until 1990 that a sharp increase in no-till and reduced
tillage rice occurred. By 1993, more than 12,000 ha of rice were produced under no-till
with an additional 32,000 ha grown on a reduced tillage basis3. A limitation to broad
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spread acceptance of no-till rice is the lack of registered herbicides (Bollich and Sanders
1993).
Gyphosate (Bollich and Sanders 1993) and paraquat (Anonymous 1996a) are
registered for preplant weed control in rice. The residual herbicide thiobencarb also can
be applied in combination with giypbosate as a preplant weed control treatment (Bollich
and Sanders 1993). Ghifosinate, glyphosate, and paraquat have been evaluated at
varying rates in stale seedbed culture in Louisiana with mixed results (Lanie et al. 1994).
Jordan et al. (1995) observed that water-seeded rice produced in reduced tillage systems
can provide yields equivalent to that of rice grown in a conventional tillage system.
These studies, however, were not conducted in areas infested with red rice.
The objective of this study was to determine the optimum timing of preplant and
residual herbicide combinations for control of red rice in reduced tillage, water-seeded
rice culture.
MATERIALS AND METHODS
Experiments were conducted at the Rice Research Station in Crowley, Louisiana
from 1993 to 1995 in fields containing a high natural red rice infestation. The soil was a
Crowley silt loam (fine montmorillonitic, thermic Typic Albaqualf) with 2.21 % organic
matter content and pH 6.3. Herbicide application tunings were 3, 7, 14, and 28 days
before seeding (DBS)7. Number of red rice plants/m7 in the control plots at rice seeding
averaged 25 and 121 for 1994, and 199S, respectively. Data for these parameters in

7Abbreviations: DBS, days before seeding; POST, postemergence; PPI, preplant
incorporated; WAS, weeks after seeding; WBS, weeks before seeding.
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1993 were not collected. Red rice plant height at rice seeding averaged 17 and 22 cm
for 1994, and 1995, respectively. Indianjointvetch (Aeschynomene indica L.), sedges
(Cyperus spp.), and ducksalad (Heteranthera limosa (Sw.) Willd.) were controlled with
a broadcast application of a herbicide combination of triclopyr ([(3,5,6-trichloro-2pyridinyl)oxy]acetic acid) at 0.21 kg ai/ha, plus a premix of molinate (S-ethyl hexahydro1H-azepine-1-carbothioate) and propanil (N-(3,4-dichlorophenyl) propanamide) at 0.8
kg ai/ha, 5 weeks after seeding (WAS)7. Herbicide treatments included giyphosate
(Anonymous 1994a) at 0.6 kg ai/ha, sulfosate (Anonymous 1994b) at 2.5 kg ai/ha,
ghifosinate (Anonymous 1994c) at 0.7 kg ai/ha, paraquat (Anonymous 1994d) at 0.9 kg
ai/ha each applied alone and in combination with thiobencarb (Anonymous 1994e) at 4.5
kg ai/ha. At each application tuning a nontreated control was included for comparison.
Non-ionic surfactant* at 0.25% (v/v) was added to all herbicide treatments. Herbicide
treatments were applied with a C02 back pack sprayer equipped with 800159 nozzles and
calibrated to deliver 95 L/ha spray volume at 140 kPa. A randomized complete block
experimental design with a factorial arrangement of treatments (four application timings
and nine herbicide treatments) with four replications was used. Plot size was 1.8 m wide
by 6 m long. Pregerminated Lemont rice was seeded by airplane at 130 kg/ha into a 7.5
cm flood. Rice was seeded on April 30,1993, May 18, 1994, and May 17,1995.

*X-77 Spreader. Principal functioning agents, alkylarylpolyoxethylene glycols, free
fatty acids, isopropanol. Valent USA Corp., Walnut Creek, CA 94596-8025.
’Teejet FFVS 80015 tips, Spraying Systems C o., Wheaton, IL 60187.
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Standard agronomic practices were performed as recommended for water-seeded rice
production in Louisiana (Anonymous 1996b).
Height of three red rice plants per plot was measured from the base of the plant to the
tip of the longest leaf at 11 WAS. A visual estimate o f red rice control was determined
at rice seeding (just prior to flooding and seeding) and 11 WAS using a 0 to 100% scale
where 0% = no weed control and 100% - all plants dead. Number of rice and red rice
tillers was counted in a 1-m2 area 11 WAS. At 11 WAS it was easier to differentiate
plants of red rice from domestic rice plants by height, flowers and leaf surface roughness.
Rice was mechanically harvested, weighed, oven dried at 60 C for 2 days and dry
weights recorded. Rice grain yields were adjusted to 12% percent moisture.
The percent of red rice in the harvested rice grain was determined for each plot by
counting white and red rice seed per three 100-grain subsamples and data were
expressed as percent red rice seed per harvested sample. Data for all the parameters
were subjected to analysis of variance and were pooled over years. Main effects and
interactions of herbicide application timing and herbicide treatment were analyzed using
SAS (SAS 1988). Means of significant main effects and interactions were separated
using Tukey’s Studentized Range at P * 0.0S. Contrast analyses were performed to
evaluate utility of the addition of thiobencarb as compared with the individual herbicide
treatments.
RESULTS AND DISCUSSION
Red rice control at seeding ranged from 58 to 80% and was equivalent for the
herbicide treatments (Table 2.1). Based on contrast analyses, red rice control at seeding
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Table 2.1. Red rice control at seeding, and red rice height, red rice and domestic rice number of tillers at 11 weeks after seeding
as influenced by herbicide application.
Red rice
Herbicide

(Hyphosate
Gyphosate + thiobencarb
Sulfosate
Sulfosate + thiobencarb
Gufosinate
Glufosinate + thiobencarb
Paraquat
Paraquat + thiobencarb
Nontreated

Rate

Control*

Height*

Tillers*

kg ai/ha

%

cm

number/m2

0.6

58 a6

131b

179 be

47 cd

0.6+ 4.5

63 a

129 b

170 be

70abc

2.5

71a

125 ab

145 a

82 abc

2.5+ 4.5

73 a

119a

114a

98 ab

0.7

69 a

127 ab

156 b

85 abc

07 + 4.5

66a

125 ab

159 b

61 be

0.9

70 a

124 ab

153 b

76 abc

0.9+ 4.5

80 a

119a

117a

113a

0b

131b

216 c

13 d

Domestic rice i
number/m2

(Table 2.1. con'd.)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Contrasts
(+ thiobencarb) vs (- thiobencarb)

Probability (significant at P s 0.0S)
0.1813

0.0001

0.0112

0.0011

*Data pooled for 1993,1994, and 199S.
''Data pooled for 1994 and 1995.
‘Means within columns followed by the same letter do not differ at the 0.05 significance level using Tukey's
Studentized Range.
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was similar when herbicides were applied alone or with thiobencarb. Noldin et a l (1994)
reported 89% red rice control with thiobencarb at 4.5 kg ai/ha applied preplant
incorporated (PPI)7. Additionally, they reported 83,88 to 100%, and 80% red rice
control with post emergence (POST)7applications of glyphosate at 1.1 kg ai/ha,
ghifosinate at 0.6 kg ai/ha, and thiobencarb at 4.5 kg/ha preplant surface in a waterseeding system, respectively. The disagreement in results between the study conducted
by Noldin et al. (1994) and the present study may be due to a difference in the red rice
infestation level. Additionally, the glyphosate rate by Noldin et al. (1994) was 1.1
compared to 0.6 kg/ha in the present study, which could explain the difference in control
for this herbicide.
At 11 WAS, only sulfosate or paraquat, in combination with thiobencarb reduced red
rice height compared with the nontreated control (119 vs. 131 cm) (Table 2.1).
However, based on contrast analyses, addition of thiobencarb resulted in a decrease in
red rice height. Based on Tukey’s mean separation procedure for individual herbicides,
addition of thiobencarb did not reduce red rice height when compared with each
herbicide applied alone. Sulfosate alone or sulfosate or paraquat in combination with
thiobencarb decreased the number of red rice tillers 11 WAS compared with the other
herbicide treatments and the nontreated control. Ghifosinate alone or in combination
with thiobencarb reduced the number of red rice tillers when compared with the
nontreated control. When compared to the nontreated control, the number of rice tillers
was increased 11 WAS with all herbicide treatments except glyphosate. Based on
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contrast analyses, addition of thiobencarb to glyphosate, sulfosate, glufosinate, and
paraquat decreased red rice tiller production and increased tiller production of domestic
rice.
Averaged across herbicide treatments, red rice control at seeding was 74% for the 14
DBS timing which was equivalent to the 7 DBS timing (70%) but greater than 3 or 28
DBS (Table 2.2). In a reduced tillage system, Jordan et al. (1995) reported that
glyphosate at 0.6 kg/ha and paraquat at 1.1 kg/ha applied 7 DBS controlled red rice 50
and 85%, respectively. In the present study, red rice control at seeding was greater for
application 3 DBS than for 28 DBS. Bollich and Sanders (1993) reported greater weed
control when glyphosate and paraquat were applied 3 weeks before seeding (WBS)7
when compared with 6 WBS. In the present study, lower red rice control for the 3 DBS
tuning application when compared with 7 and 14 DBS may be due to slower activity of
some of the herbicides. The reduced control for the 28 DBS treatments was due to red
rice reinfestation and/or regrowth.
Red rice height 11 WAS was decreased at least 4% when herbicides were applied 3
DBS when compared with all other timings (Table 2.2). Red rice tiller numbers 11 WAS
decreased when herbicides were applied 3 and 7 DBS compared with 14 and 28 DBS
timings. The 14 DBS treatment resulted in a higher number of rice tillers compared with
the 28 DBS timing (72 vs. 18/m2). The lowest number of cultivated rice tillers was
observed when herbicides were applied 28 DBS (18/m2). This is probably related to
interspecific competition since red rice tiller number was highest for the 28 DBS
application.

A
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Table 2.2. Red rice control at seeding and red rice height, and red rice and domestic rice tiller number at 11 weeks after
seeding as influenced by timing of herbicide application.
Time of herbicide
application
(days before seeding)

Red rice
Control*

Height*

Tillers*

Domestic rice tillers*

%

cm

3

57 b#

120 a

112a

7

70 ab

125 b

137 a

93 ab

14

74 a

128 b

171b

72 b

28

48 c

128 b

206 c

18 c

- number/m2--------------104 a

*Data pooled for 1993,1994, and 199S.
*Data pooled for 1994 and 1995.
'Means within columns followed by the same letter do not differ at the 0.05 significance level using Tukey's
Studentized Range.
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There was a significant application tuning by herbicide treatment interaction with
respect to red rice control 11 WAS (Table 2.3). This was due to the fact that difference
among treatments occurred for 3,7, and 14 DBS, but not 28 DBS. At 3 DBS, paraquat
in combination with thiobencarb controlled red rice 87% which was statistically equal to
the 74 and 78% provided by paraquat alone and sulfosate in combination with
thiobencarb, respectively; but greater than all other treatments. At the 7 DBS timing,
paraquat and sulfosate in combination with thiobencarb controlled red rice 76 and 72%,
respectively, when compared with all the other treatments, which provided no greater
than 44% control. At both the 14 and 28 DBS timings, none of the herbicide treatments
provided more than 45% red rice control. With the exception of glufosinate, all
herbicides applied in combination with thiobencarb provided equivalent red rice control
at 3 DBS. Bollich and Sanders (1993) observed greater control of bamyardgrass
(Echinocloa crus-galli L. Beauv.) and sprangletop (Leptochloa spp.) 8 WAS when
glyphosate at 0.8 kg/ha and ghifosinate at 0.8 kg/ha were applied at 1 compared with 3
WBS, whether or not thiobencarb was added.
Rice yield was increased and percent red rice in rice grain decreased when compared
with the nontreated control only when paraquat and sulfosate were combined with
thiobencarb (Table 2.4). Contrast analyses indicated greater rice yield and lower percent
red rice in grain with the addition of thiobencarb (Table 2.4).
Averaged across herbicide treatments, rice yield was higher when herbicides were
applied 3 and 7 DBS compared with 14 and 28 DBS (Table 2.5). The high rice yield for
the 7 DBS timing compared with 14 and 28 DBS, agrees with findings of Bollich and

j
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Table 2.3. Red rice control at 11 weeks after rice seeding as affected by herbicide treatment and application timing*.

Percent red rice control at herbicide application timing (DBS)b
Herbicide

Rate
kg a

Glyphosate
Glyphosate + thiobencarb
Sulfosate
Sulfosate + thiobencarb
Glufosinate
Glufosinate + thiobencarb
Paraquat
Paraquat + thiobencarb
Nontreated
LSD (0.05)

3
i / h

a

7

14

28

----------------------------------------%

0.6

39

24

19

8

0 .6 + 4.5

29

38

25

18

2.5

67

29

26

10

2 5 + 4.5

78

72

39

18

0.7

47

29

17

9

0 .7 + 4.5

64

43

28

13

0.9

74

44

26

11

0 .9 + 4.5

87

76

45

20

0

0

0

.0

---------------------------------------15

'Data pooled for 1994 and 1995.
bDBS = days before seeding.
U>
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Table 2.4. Response of rice grain yield and percent red rice in grain as influenced by herbicide application*.
Rate

Herbicide

kg ai/ha
0.6

Glyphosate
Glyphosate + thiobencarb
Sulfosate
Sulfosate

+ thiobencarb

Glufosinate
Glufosinate + thiobencarb

Paraquat

+ thiobencarb

Nontreated

(+ thiobencarb) vs (- thiobencarb)

kg/ha

%

974 abb

60 ab

1107 ab

56 ab

2.5

1466 ab

50 ab

2.5+ 4.5

1788 a

41a

0.7

1225 ab

53 ab

1397 ab

Slab

1202 ab

55 ab

1817a

39 a

570 b

73 b

0.7+ 4.5

0.9 + 4.5
-

Contrasts

Red rice

0.6+ 4.5

0.9

Paraquat

Yield

Probability (significant at P s 0.05)
0.0001

0 0001

■Data pooled for 1993,1994, and 1995.
''Means within columns followed by the same letter do not differ at the 0.05 significance level using Tukey*s
Studentized Range.
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Table 2.5. Rice* grain yield and percent red rice in grain as influenced by timing of
herbicide application.
Rice yield

Red rice

kg/ha

%

3

1865 a"

38 a

7

1588 a

42 a

14

1018 b

61b

28

661b

72 b

Days before seeding

■Data are pooled for 1993,1994, and 1995.
’’Means within cotumns followed by the same letter do not differ at the 0.05
significance level by Tukey's Studentized range.

Sanders (1993). They observed in no-till dry-seeded ’MaybeUe' rice that I week preplant
applications of glyphosate at 0.75 kg ai/ha or glufosinate at 0.75 kg ai/ha with or without
thiobencarb at 3.0 kg ai/ha resulted in higher rice yield compared with application 3
weeks preplant. Even though red rice grain percentage was reduced with herbicide
treatments, percentages were still greater than 9%, which is the lowest allowable limit
required to meet minimum US standards (US No. 4) (Anonymous 1982). It should be
noted that experiments were conducted in an area heavily infested with red rice, atypical
of what would normally occur in farmer fields, and that the red rice control obtained with
the evaluated herbicide treatments would not be sufficient for a grower.
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This research showed that, to maximize yield in a no-till water-seeded system infested
with red rice, herbicide treatments should be applied between 3 and 7 DBS. Herbicide
application 14 or 28 DBS increased red rice tiller number, percent o f red rice in grain,
and decreased rice yields. For application 3 DBS, red rice control 11 weeks after
seeding was increased with the addition of thiobencarb only with glufosinate. In
contrast, at 7 DBS, addition of thiobencarb enhanced control of red rice 11 WAS only
with sulfosate and paraquat. Differences in response suggest that selection of a herbicide
or herbicide combination is dependent on time of application in respect to rice seeding
date. Additionally, the rate of activity of individual herbicides can affect initial control
levels and may impact rate of red rice reinfestation.
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CHAPTER 3
EFFECTS OF WEED PLANT EXTRACTS ON RICE (Oryza sativa L.) AND RED
RICE (OryzM sativa L.) SHOOT AND RADICLE GROWTH AND RICE
SEEDLING DISEASE
INTRODUCTION
Competition between a crop and weed pests for light, water, and nutrients has
traditionally been considered major factors affecting crop growth and yield potential. In
no-till water-seeded rice the decomposing dead weeds may be releasing chemicals into
the water that may interfere with rice germination and growth. Considerable effort has
been dedicated to evaluating the effect of chemicals released from weed plants that may
also impact germination and growth of other plant species (Muller 1969). The term
allelopathy, first used by Molisch (1937), refers to biochemical interactions between
plants of all kinds, including the microorganisms typically placed in the plant kingdom.
These microorganisms include many microscopic algae, fungi, and bacteria. With an
increase in the use of no-till or reduced tillage systems worldwide, crop and weed
residues present on the soil surface at planting may play an important role in the
production of allelopathic substances (Hernandez 1988; Hoffinan et al. 1996; Olofsdotter
et al. 1995; Patterson 1986; Rice 1995; Sadhu 1975; Tapaswi et al. 1991; Yang and
Futsuhara 1991; Yenish et al. 1995).
The effect of weed extracts on rice and red rice. Rajangam et al. (1992) reported that
aqueous extracts of leaves, stems, and roots of Croton sparsiflorus were inhibitory to
the germination and growth of paddy rice cuhivars ‘01-20* and ‘Ponmani’. This
inhibitory effect may be caused by the presence of simple phenolic acids (Rajangam et al.
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1992). Porwal and Mundra (1992) found that boiled and unboiled aqueous extracts o f
junglerice {Echinocloa colona L.) reduced coleoptfle and radicle growth of paddy rice.
Other weeds that have shown aOdopathic potential in rice fields include Cyperus
rotundas L. (VaOiapan, 19%9); BrachiariaramosaL. Stapf Cyperus difform is L.,
Panicum repens L., Monocoria vaginalis (Burm. f). Kunth, Scirpus spp., and Ludwigia
parviflora L. (Sobhana et al. 1990); Ageratum conizoides L., Fimbristylis dichotoma L.
Vahl (Jha and Dhakal 1990); Chomoiaena odorata L., H yptis suaveolans L., Ammonia
baccifera L., Heliotropium indicum L., Polygonum tomentosum L. (Premasthira et al.
1985); and Parthemum hysterophorus L. (Singh and Sangeetta 1991). Abdul-Wahab
(1964) determined that crude ethanol and water extracts of johnsongrass (Sorghum
halepense L. Pers.) rhizomes had an inhibitory effect on germinating rice seed. Chou
and Lin (1976) reported that the autotoxicity observed following repeated plantings of
rice on the same soil could be caused by accumulation of various phenolic acids under
waterlogged conditions.
Senecio and Ranunculus spp. represent weed genera prevalent in rice producing areas
(Anonymous 1965; Moody 1989), and their chemical compositions has been studied in
more detail than other weed species because of their toxic effects on m a m m a lia n systems
(Bull et al. 1968; Kingsbury 1964; Mattocks 1986; Mattocks 1992). Stevens (1991)
isolated 12 new alkaloids of three East African and two Canadian Senecio species.
However, no reports were found related to aUdopathic effects of Senecio spp. on other
plants. In the case of Ranunculus spp., Gander and Oliver (1996) reported the potential
allelopathic effect of bulbous buttercup {Ranunculus bulbosus L.) on soybean
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germination. Techniques for flavonoid identification in Ranunculus were presented by
Markham (1982). If there is a negative effect o f weed extracts on rice, it would be
interesting to evaluate the effect of those extracts on red rice which is a major weed
problem not only in rice, but also in other crops in Louisiana.
Effect of extracts of weeds treated with herbicides on rice and red rice. There are
reports of extracts of weeds treated with herbicides such as paraquat (1, r-dimethyM,^bipyridinium ion) causing inhibition to other plants when compared with weeds treated
with glyphosate (N-(phosphonomethyl)glycine) and glufosinate (2-amino-4-(hydroxy
methytphosphinyfybutanoic acid) (Nagabushana et al. 1996). Residue samples of a rye
(Secale cereale L.) cover crop treated with paraquat had a greater inhibitory effect on
dicotyledoneous plants in field and bioassay experiments compared with rye treated with
glufosinate or glyphosate (Nagabushana et al. 1996). Rye residue samples from field
experiments were analyzed for the cyclic hydroxamic adds DIBOA (2,4-dihydroxy-1,4benzoxazin-3(4H)-one; DIBOA-glucoside (2-(2,4-dihydroxy-1,4(2H)-benzoxazin3(4H)-one)-P-D-glucopiranoside), and BOA (benzoxazolin-2-one) by high performance
liquid chromatography. Results indicated that the concentration and the total amount of
these allelochemicals would vary depending on the variety, time of dessication and the
herbidde used to dessicate the cover (Nagabushana et al. 1996). These same herbicides
are labeled for use in no-till water-seeded rice in southwest Louisiana. Therefore, it is
necessary to evaluate extracts of herbicide-treated weeds to determine if they are playing
a role in the reported rice stand reductions in no-till water-seeded rice.
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Effects of weed extracts oa rice and rice seedling disease. Water-mold disease can be
a limiting factor in establishing adequate rice stands in water-seeded rice in southwest
Louisiana (Krishna 1983; Rush 1985). The disease is caused by Achlia and Pythhm
species, and alternatives to its control have been studied (Anonymous 1987; Cools 1972;
Rush and Schneider 1990; Schneider et al. 1988; Webster et al. 1970).
In surveys conducted in Louisiana in 1970,45% o f water-planted seed were lost to
water-mold (Anonymous 1987). Beside the direct cost of replanting, there are also
indirect costs associated with losses attributed to poor competition of rice with weeds in
irregular stands.
Pythhm spp. usually directly attack the developing embryo (Anonymous 1987).
When the seed is affected by the disease, the endosperm becomes liquefied and the
embryo turns yellow-brown and later dark brown. If the diseased seed germinates, the
shoot and root are attacked and seedling growth is affected (Anonymous 1987). If
infection occurs after the seedling is established, the seedling may be stunted and
chlorotic. When weather is favorable for plant growth, seedlings commonly outgrow the
disease and are not severely injured (Anonymous 1987). The question arises as to
whether or not weed extracts may predispose seedlings to seedling disease. If this is the
case, then the disease would be contributing to poor stand establishment in no-till waterseeded rice.
The objectives ofthe present study were: 1) to evaluate aqueous extracts of several
weed species on cultivated and red rice; 2) to determine if extracts from herbicide-
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treated weeds have a differential effect on rice and red rice; and 3) to determine if
aqueous extracts of a selected weed species affect the Pythhm -rvx relationship.
MATERIALS AND METHODS
Effects of aqueous weed extracts were evaluated on pregetminated rice seeds and red
rice seeds. A bioassay using the suppression of rice primary root elongation as an index
of toxicity was used (Abdul>Wahab 1964). This method involved growing
pregenninated rice on a sheet of filter paper in petri dishes in contact with the aqueous
weed extracts. Common field weeds in southwest Louisiana, including hairy buttercup
(Ranunculus sardous Crantz), Carolina foxtail (Alopecurus carolimanus Walt.), annual
bluegrass (Poa annua L.), cressleafgroundsel (Senecio glabellus Poir.), curly dock
(Rumex crispus L.), common sowthistle (.Sonchus oieraceus L.), cursed buttercup
{Ranunculus sceleratus L.), alligatorweed (Altemathera philaxeroides Mart. Griseb),
white clover {Trifolium repens L.), Persian clover {Trifolium resupinatum L.), Timothy
canarygrass {Phalaris angusta L), toad rush {Juncus bufonius L.), blueeyed-grass
{Sisyrinchivm rotulatum L.), low spearwort {Ranunculuspusillus L.), and red rice
(Oryza sativa L ), were collected at the South Station at the Rice Research Station at
Crowley in March and April, 1995. Samples were refrigerated until processed in the
laboratory the same day or 1 day after being collected.
Two-hundred grams fresh weight (aerial plant parts) of each weed species were
placed in a flask, sufficient 0.05% (v/v) dimethyl sulfoxide (DMSO) ((CHj^SO) in
distilled water was added to bring the volume to 1.0 L, and the mixture was allowed to
steep for 48 hours. DMSO was included to increase solubility of some of the plant

Reproduced with permission o fth e copyright owner. Further reproduction prohibited without permission.

45
extracts (Patterson 1986). Concentrations of 0.05% of DMSO (v/V) had no effect on
germination, but distilled water control solutions should also contain the same
concentration (Patterson 1986). Air was bubbled through the solution to maintain
adequate oxygenation. The crude extracts were filtered through two layers of cheese
doth, and the filtrate was considered to be the lx concentration in further experiments.
Unless stated otherwise, dilutions were made in distilled water. A ten-fold dilution
(O.lx) ofthe lx weed extract also was prepared by diluting 1 part ofthe lx original
solution with 9 parts water. In separate experiments for the lx and 0. lx concentrations,
5.0 ml of each aqueous weed extract were added to individual sterile (9.0-cm diam by
1.7-cm deep) plastic petri dishes containing a sheet of Whatman No. 3 filter paper.
Then 20 pregerminated MaybeUe' rice seeds were placed onto the filter paper in each
dish. Plates containing 5 ml 0.05% DMSO served as controls. There were 4 plates per
treatment After 2 days in total darkness at 32 C, the lengths of the primary roots (radicle
protrusion) and shoots were measured. The radicles and shoots were excised from the
seeds, oven dried at 60 C for 2 days, and weighed. Assays ofthe lx concentration were
repeated twice, and since experiment by treatment interactions were not noted, data were
pooled. Data were analyzed using analysis of variance, and means were separated using
Fisher’s Protected LSD Test at the 5% probability level using PRM (PRM1993).
Unless stated otherwise, PRM also was used for the analyses of data for other sections
of this chapter.
Effects of extracts of weeds sprayed with paraquat and glyphosate on rice and red
rice shoot and radicle growth. The extraction procedure previously described was
followed with the weeds blueeyed-grass, low spearwort, toad rush, and cressleaf
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groundsel one week after application of paraquat and glyphosate at 0.9 and 0.6 kg ai/ha,
respectively, in April, 1995. Both paraquat and glyphosate are widely used herbicides in
no-till rice culture. Weed extracts were frozen and the experiment was conducted in
August, 1995. Only the lx concentration was evaluated and procedures and data
collection were the same as previously described.
In another experiment, the extraction procedure described previously was followed
with hairy buttercup, cursed buttercup, low spearwort, and cressleafgroundsel not
treated with herbicides and low spearwort and cressleafgroundsel collected one week
after application o f paraquat at 0.9 kg ai/ha in April, 1995. Extracts were frozen until
the assays were conducted in August, 1995. The same procedure described for Maybelle
rice was followed except that 20 red rice seeds were used instead of pregerminated rice.
At the completion of the bioassays, rice and red rice seed radicle, shoot length, and
weight were measured and dry weights recorded following oven drying at 60 C for 2
days. A randomized complete block experimental design with four replications was
used. Data were analyzed using analysis of variance and means were separated by
Fisher's Protected LSD Test at the 5% probability level.
Effects of cressleaf groundsel extracts on rice seedling growth, seedling disease, and
Pytkium spp. A plug containing new hyphal growth was cut from the outer edge o f a
com meal agar (CMA) plate of Pythivm arrhenomanes strain 1398 and deposited into a
250 ml flask containing 100 ml of potato dextrose broth (PDB). The flasks were placed
on a shaker10at 100 rpm for 1 week at room temperature. Afterwards, mycelia were

1“Lab-Line Orbit Shaker, Lab-Line Instruments, Inc., Melrose Park, EL60160.

j
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filtered from the spent medium and washed with a stream of deionized water to eliminate
excess nutrients. The washed mycelium was added to 1L of 1.0 mM phosphate buffer
(pH ~ 7.1) and triturated for S seconds in a waring blender st low-speed. The turbidity
ofthe resulting mycelial suspension was adjusted to A**, = about 0.5011 This mycelial
suspension was referred to as ‘inoculum’ for use in greenhouse experiments.
Fifteen ml of inoculum were stirred into 1.5 L of deionized water and 500 g of
sterilized soil contained in each 2 L plastic container. Fifty ‘Lemont’ rice seeds were
water-seeded in each container. The containers were covered with shade cloth to
enhance disease severity. When the rice seedlings emerged from the water, the cloth
shade was removed. Plants were grown for 3 weeks at which time the number of
emerged seedlings was determined.
A randomized complete block experimental design with a factorial arrangement of
treatments with 7 replications was used. Factor one was presence or absence of
Pythivm, and factor two was cressleaf groundsel rates ofO, 16,32,64, 128, and 256
ppm based on the dry weight of solids present in the filtered extract. Cressleaf groundsel
extract, obtained as previously described, was centrifuged12for 20 min at 17,000 x g at 5
C, then filter-sterilized with a 0.2/z Nalgene* filter13. These concentrations were
calculated as follows. The dry weight of solids present in the original lx filtered extract

"Spectronic 601, Spectronic Instruments, 820 Linden Av., Rochester, NY 14625, USA
12SorvaIl RC 24, Sorval Centrifuges, Dupont Medical Products, 31 Peck’s Lane,
Newton, CT 06470-2337.
13Nalge Co., Rochester, NY 14602-0365, USA.
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was calculated by tyophilizing14 100 ml ofthe filtered cressleafgroundsel extract. This
process yielded 0.8 g dry weight, which is equivalent to 8,000 ppm in the lx
concentration cressleafgroundsel extract. Rice seedling emergence, height, and dry
weight were determined 3 weeks after seeding. Portions ofthe experiment were
repeated twice in May and June, 1996.
Effects of aqaeoas extracts of cressleaf grounded on Pythium . The effects of
cressleafgroundsel extracts, obtained as described above, were assessed in vitro on two
strains each of P. arrkenomanes, P. irregulare, and P. ultimum Com meal agar (CMA)
was prepared, autoclaved, and amended with different concentrations of extract at 45 C
while the agar was molten. Concentration of260, 520, 770, 1020, and 1280 ppm were
prepared-by adding 3.2,6.4,9.6, 12.8, and 16 ml extract to the molten CMA such that
the final volume was 100 ml. Controls were not amended. When the amended CMA had
solidified, a 5 mm CMA plug was removed from the edge of rapidly growing colonies of
each of the Pythium strains. The plugs were transferred to the center of individual petri
dishes with the mycelial side down, and the plates were incubated in the dark at 28 C for
40 hrs. at which time radial growth was determined by measuring colony diameter on
two perpendicular axes. A randomized complete block experimental design with a
factorial arrangement of treatments and 3 replications was used. Factor one was the
Pythium species and strains and factor two was the cressleaf groundsel extract
concentration. Portions of the experiment were repeated twice.

l4V!rtis Lyophilizer. The Virtis Company, Inc., Gardiner, NY 12525.
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RESULTS AND DISCUSSION
An estimate was made of total aerial biomass (t/ha) of cressleafgroundsel in a no-till
water-seeded field. The information of the weed biomass available in the field nuy allow
us to establish quantitative relationships if there was any effect of the weed extracts on
rice. The average population density at one field at the Rice Research Station at
Crowley was 7 plants/m2. The fresh aerial weight (biomass above the surface) of those
seven plants was 77.6 g, with a dry weight of 9.3 g/m2 or 93 kg/ha. The volume of flood
water at 7.6 cm deep in one ha no-till water-seeded rice field was approximately 762 m3
(10,000 m2x 0.076 m). Dividing the dry weight/ha of cressleaf groundsel by the volume
of water per ha, a value of 122 mg/L, or 122 ppm of dry plant biomass in a no-till waterseeded rice field with a cressleaf groundsel density of 7 plant/m2 is obtained.
Effects of aqueous extracts on rice shoot and radicle growth. Maybelle rice response
to weed extracts (lx and O.lx concentration) are shown in Table 3.1. Data for Carolina
foxtail, common sowthistle, white clover, persian clover, timothy canarygrass, toad rush,
and blueeyed-grass are not included since they showed no inhibitory effect on rice shoot
and radicle growth.
At the lx concentration, cursed buttercup, low spearwort, and red rice reduced rice
shoot length 17 to 92% and shoot dry weight 47 to 89% when compared with the
control. Porwal and Mundra (1992), Rajangham et al. (1992), Valliapan (1989),
Sobhana et al. (1990), Premasthira et al.(1985), Singh et a l (1991), and Abdul-Wahab
(1964), also reported allelopathic effect of weed extracts on rice. The inhibitory results

r
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Table 3.1. Effect of weed extracts on ‘Maybellc’ rice seedling shoot and radicle growth at 2 days after treatment*.
Weed

Shoot length
lx*

O.lx*

Shoot dry weight
lx

O.lx

Radicle length
lx

——
mg

till

O.lx

Radicle dry weight
O.lx

lx

cm'

vug

"

Annual bluegrass

1.4

1.1

0.90

0.66

1.1

0.9

0.16

0.21

Hairy buttercup

1.2

1.1

0.77

0.71

0.6

1.0

0.13

0.18

Cursed buttercup

0,1

0.9

0.05

0.44

0.1

0.4

0.05

0,06

Low spearwort

0.9

1.0

0.35

0.60

0.9

1.1

0.20

0.28

Curly dock

1.2

1.0

0.93

0.62

0.8

1.0

0.20

0.28

Alligatorweed

1.3

1.2

0.86

0.74

1.3

1.1

0.34

0.34

Cressleaf groundsel

1.1

1.1

0.71

0.58

0.3

1.1

0.06

0.33

Red rice

1.0

1.0

0.46

0.54

1.2

1.3

0.31

0.31

Control - water + DMSOb

1.2

1.2

0.86

0.71

2.0

1.8

0.45

0.42

LSD (0.05)

0,1

0.1

0.16

0.17

0.3

0.2

0.10

0.09

*The lx concentration was prepared by steeping 200 g of fresh weed biomass in 1 liter with DMSO @ 0.05% (v/v) distilled
water. The 0. lx concentration was prepared by diluting the lx concentration in 9 equivalents (v/v) of distilled water.
'DMSO = dimethyl sulfoxide @ 0.05% (v/v).

of cursed buttercup also agrees with research by Gander and Oliver (1996) who
observed that bulbous buttercup {Ranunculus bvlbosusL) extracts decreased soybean
germination. Rice radicle length and radicle dry weight were reduced by all the weed
extracts at the lx concentration (Table 3.1). Rice growth reductions caused by red rice
extracts may be related to the autotoxicity of rice caused by continuosly grown rice in
the field reported by Chou et al. (1976).
For the O.lx weed extract concentration, rice shoot length was reduced by all weeds
except alligatorweed when compared with the control (Table 3.1). Rice shoot dry
weight for the 0.1 x concentration was reduced only by cursed buttercup and red rice.
All weed extracts at the O.lx concentration reduced radicle length 28 to 78% when
compared with the control (Table 3.1). Alligatorweed and cressleaf groundsel were the
only weeds that did not reduce rice radicle dry weight at the O.lx concentration. In
comparing extract concentrations (lx vs. O.lx) for cursed buttercup, the inhibitory effect
was more pronounced on root weight that on shoot weight. The rice growth inhibition
provided by several ofthe aqueous weed extracts at the lx, and at the more diluted O.lx
concentration, are an indication of the presence of a potent chemical inhibitor15.
Effects of extracts of weeds treated and untreated with paraquat and glyphosate
on rice shoot and radicle growth. Effects of extracts of weeds treated with paraquat
and glyphosate (0.9 and 0.6 kg ai/ha, respectively) on rice root and shoot growth are
presented in Table 3.2. Extracts of glyphosate- or paraquat-treated blueeyed-grass and
toad rush, paraquat treated low spearwort and glyphosate treated cressleaf groundsel
15Fischer, N. H. 1996. Personal communication.
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Table 3.2. Effects of weed extracts at lx concentration following treatment with paraquat at 0.9 kg ai/ha and glyphosate at O.S
kg ai/ha on ‘Maybdle’ rice seedling shoot and radicle growth at 2 days after treatment.____________________________
Weed

Treatment

Shoot length

Shoot dry weight

Radicle length

Radicle dry weight

cm

mg

cm

mg

Blueeyed-grass

+ glyphosate

1.0

0.30

1.5

0.19

Low spearwort

+ glyphosate

1.1

0.39

1.2

0.11

Toad rush

+ glyphosate

0.9

0.36

1.6

0.30

glyphosate

0.9

0.31

1.6

0.31

Cressleaf groundsel +
Blueeyed-grass

+

paraquat

1.0

0.27

0.5

0.02

Low spearwort

+

paraquat

0.9

0.36

0.6

0.09

Toad rush

+ paraquat

1.0

0.36

0.5

0.05

Cressleaf groundsel +

paraquat

1.1

0.46

0.6

006

Control - water

DMSOb

1.2

0.53

1.0

0.12

0.2

0.22

0.3

0.10

LSD (0.05)

*The lx concentration weed extracts were prepared by steeping 200 g of herbicide-treated weed biomass in 1 liter distilled water
with DMSO @ 0.05% (v/v).
'DMSO = dimethyl sulfoxide @ 0.05% (v/v).
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reduced rice shoot length at least 17% when compared with the control. Extracts of
blueeyed-grass and cressleafgroundsel treated with glyphosate and blueeyed-grass
treated with paraquat reduced rice shoot dry weight at least 42% when compared with
the control.
Rice radicle length was reduced with extracts of all weeds treated with paraquat,
when compared with the control (Table 3.2.)- Extracts from glyphosate-treated weeds
with the exception of low spearwort increased rice radicle length and dry weight in
cressleaf. Only the extract of blueeyed-grass treated with paraquat reduced radicle dry
weight when compared with the other treatments and the control. Nagabushana et al.
(1996) reported that rye cover killed with paraquat was more effective than glyphosatetreated-rye in suppressing Pennsylvania smartweed (Polygonum pensyhxmicum L ). In
respect to a no-till water-seeded rice system, the inhibitory effect of extract of weeds
treated with paraquat on rice may explain reduced rice stands, as reported by Bollich and
Feagley (1994).
Effects of extracts of weeds treated and untreated with paraquat on red rice shoot
and radicle growth. Effect of weed extracts alone and extracts of weeds sprayed with
paraquat at 0.9 kg ai/ha on red rice shoot and radicle growth is presented in Table 3.3.
Effect of all weeds, whether treated or not treated with paraquat, reduced red rice shoot
length when compared with the control. However, only cursed buttercup and nontreated
low spearwort extracts reduced shoot dry weight. Red rice radicle length and dry weight
were reduced only with extracts of cursed buttercup and paraquat-treated low spearwort
and cressleaf groundsel when compared with the control. Radicle length and dry weight

i
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Table 3.3. Effects of weed extracts on red rice shoot and radicle growth at 2 days after treatment*.
Shoot length

Shoot dry weight

Radicle length

Radicle dry weight

cm

mg

cm

mg

Hairy buttercup

1.2

0.59

4.3

0.84

Cursed buttercup

0.5

0.25

1.8

0.37

Low spearwort

1.1

0.49

3.7

0.58

1.3

0.66

1.7

0.32

Cressleaf groundsel

1.2

0,59

3.9

0.69

Cressleafgroundsel + paraquat

1.4

0.58

1.7

0.32

Control - water

1.9

0.79

4.3

0.65

0.4

0.27

0.7

0.16

Weed

Low spearwort

LSD (0.05)

Treatment

+ paraquat

+ DMSO*

•The lx concentration were prepared by steeping 200 g of paraquat-treated at 0.9 kg ai/ha or untreated weed biomass in
1 liter distilled water with DMSO @ 0,05% (v/v).
*DMSO = dimethyl sulfoxide @ 0.05% (v/v).
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of red rice treated with extract of low spearwort and cressleafgroundsel were reduced
more when treated with paraquat. This response, however, was not observed for red
rice shoot length and dry weight. The inhibitory results o f some paraquat-treated weed
extracts on red rice foQow the same trend as the results observed for rice and these
findings suggest that extract from some weeds treated with paraquat in a no-till waterseeded rice system may be a factor responsible for reduced rice stands reported by
Bollich and Feagley (1994).
Effects of aqueous cressleaf groundsel extracts on rice seedling disease and Pythium
spp. Effects of cressleafgroundsel extracts on rice seedling emergence and growth in
the presence or absence of Pythium is presented in Table 3.4. Inasmuch as 0.05%
DMSO was used in the weed extraction process, an experiment was conducted to
determine the effect of this compound on Pythium. DMSO did not have any effects on
radial growth, colony morphology, or hyphal morphology ofthe three Pythium spp. at
0.5%, 0.05%, and 0.005% (v/v) in CMA (data not shown). In the presence of the highly
virulent strain of P. arrhenomanes, there was an increase in rice emergence with the
addition o f 16,32,64,128, and 256 ppm of cressleaf groundsel extracts (69 to 89%)
compared with 26% for nonamended control (0 ppm weed extract). In the absence of
the pathogen, addition of the extract did not affect rice emergence (84 to 100%). In the
presence o f Pythium, rice seedling height and dry weight followed the same trend as for
emergence with increases observed when cressleaf groundsel extract was added (Table
3.4). In the absence o fPythium inoculum, there were no significant effects on rice
seedling height except at the highest rate o f256 ppm, at which seedling height was larger
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Table 3.4. Effect of cressleafgroundsel extracts on ‘Maybelle’ rice emergence and growth at 3 weeks after seeding in the
presence (+) or absence (-) of Pythium arrhenomanes.
Cressleafgroundsel concentration

Emergence6
+Pythium -Pythium

ppm

Seedling height
+Pythium -Pythium

Seedling dry weight
-fPythium -Pythium

cm---------

- %-

mg-

0

26

100

10.6

17.3

5.5

11.1

16

69

90

15.7

18.3

8.9

11.5

32

51

98

15.0

18.5

7.5

12.1

64

44

96

13.5

18.4

6.0

12.3

128

59

88

18.5

18.8

9.1

11.6

2S6

81

84

20.1

21.8

12.0

13.0

LSD (0.05)

17-

-3 .0 --------

-2.6

*The experiment was conducted in 2 L plastic containers in the greenhouse. Triturated mycelium of P. arrhenomanes
was used as inoculum.
'Data are expressed as a percent of the control, which did not have cressleaf groundsel extract or Pythium inoculum.
The control had 70% emergence.
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than the control. Rice seedling diy weight increased with increasing cressleafgroundsel
extract rates, in the presence ofthe pathogen. For dry weight, values were equivalent
for extract concentrations of 128 and 256 ppm, but less at the lower concentrations
when Pythhm was present Therefore, an interaction was demonstrated between the
cressleafgroundsel extract and Pythhm . These results suggest that if cressleaf
groundsel is present in a no-till water-seeded rice system, its aqueous extracts may
reduce Pythium activity, and consequently, the role of seedling disease caused by
Pythium spp. would be diminished in the rice stand reductions reported by Bollich and
Feagley (1994).
In vitro effects of aqueous extracts of cressleaf groundsel on Pythium* Effects of
cressleafgroundsel extract on colony radial growth ofPythium spp. are presented in
Figure 3.1. Growth of Pythium arrhenomanes strain 1398 was reduced with cressleaf
groundsel rates o f520 ppm or more, while P. arrhenomanes strain 34-3 was reduced
with rates above 260 ppm. A concentration of 1280 ppm caused a total inhibition of
colony growth of P. arrhenomanes 34-3 (5 mm represents the diameter ofthe
transferred plug with Pythium inoculum). Growth o fP. irregulare strains 1371 and
1380 was reduced at concentrations of 1020 ppm and above. While that of P. ultimum
strain 211 was decreased with rates o f260 ppm and above. Growth of P. ultimum 23-5
was reduced with a concentration o f520 ppm or more when compared with the control.
These results showed that aqueous extracts of cressleaf groundsel had a detrimental
effect on a broad range of Pythium spp. and that concentrations affecting Pythium spp.
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Figure 3.1. Effects o f cressleaf groundsel extracts on radial growth o f three Pythium spp. incubated at 28 C for 40
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(between 260 and 1280 ppm) are lower than those needed to inhibit rice radicle growth
(8,000 ppm caused an 85 and 87% radicle length and dry weight reduction, respectively)
(Figure 3.2).
Results form this research showed that extracts of cressleaf groundsel, cursed
buttercup, hairy buttercup, and red rice extracts inhibited rice growth. Based on these
results, it is suggested that aqueous weed extracts play a role in the reduction of rice
stands observed in a no-till rice water-seeded culture (Bollich and Feagley 1994). These
results also suggest that weeds treated with paraquat in a no-till system may have a
greater inhibitory effect on rice than weeds not treated. This finding is of significance
since use of a herbicide like paraquat would be necessary in no-till water-seeded rice.
This factor also may play a role in rice stand reductions in no-till culture. The positive
aspect, however, is that the same inhibitory effect from extracts of paraquat treated
weeds also was observed on red rice. Further research should address red rice weed
control implication of this response.
Aqeuous cressleaf groundsel extracts were inhibitory to three Pythium spp., the
primary pathogens in rice seedling disease. While cressleaf groundsel extracts inhibited
rice seedling growth, the concentration required to inhibit Pythium spp. and to control
rice seedling disease were less than the rate inhibiting rice seedling growth. Thus, there is
a margin of selectivity that may be useful in finding novel natural products for disease
control. Further chemical characterization ofthe active substances is needed in order to
evaluate this disease management possibility.
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CHAPTER 4
EFFECTS OF DEAD WEEP BIOMASS AND RICE SEEDLING DISEASE
CAUSED BY Pythium, ON RICE {Oryzu sathm L.) STAND ESTABLISHMENT,
GROWTH, AND YIELD
INTRODUCTION
Poor rice stand cstabHshment was repotted in no-till water-seeded rice (Bollich and
Feagiey 1994). This may be caused by excessive dead weed or cover crop biomass
present in fields after burndown herbicide application (Anonymous 1995; Bollich 1992;
Bollich and Feagiey 1994; Hoffinan et al. 1996; Jordan et al. 1995; Weston 1990). Dead
or dying vegetation may act as a barrier between presprouted rice and the soil surface,
thereby reducing rice seedling anchorage to the soil (Bollich and Feagiey 1994).
Dead weed biomass on the soil surface in no-till systems also may affect rice seedling
disease. Strategies for lowering disease losses to soilbome pathogens with tillage
practices varies with the cropping system and other cultural practices (Sumner 1994).
Plowing moves plant debris from the soil surface to a zone 10 to 30 cm deep and brings
soil from a lower depth to the surface. Populations of Pythium spp. were moved from
the top 10 cm of soil to the subsoil by plowing (Sumner et al. 1980). In contrast, use of
a minimum tillage system concentrated plant debris and populations o fPythium spp. in
the top 10 cm of soil (Sumner et al. 1981). In Kansas, before planting alfalfa (Medicago
sativa L.) following may have contributed to increased populations o f Pythium spp.
(Grandfield et al. 1935). In the eastern USA, deep tillage with a moldboard plow, and
the use of seed or soil fungicides, and crop rotations were beneficial in controlling
Pythium spp. in snap beans (Phaseohts vulgaris L.) (Sumner et al. 1986), however,
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Lumsden et al. (1987) reported that damping-offcaused by Pythium spp. was less severe
in soils where the chinampa system in Mexico was used than in soils under the modern
conventional system of cultivation. In the chinampa system, fields are maintained by
incorporating large amounts of vegetation and ftim animal manures as well as sediment
from the irrigation system into the soil (Gliesman et al. 1981). The elevated bological
activity, especially of known antagonists such as Trichoderma spp., Pseudomonas spp.,
sadFusarium spp., can suppress the activity of/* aphanidermatum, other Pythium spp.
and perhaps other soilbome plant pathogens (Lumsden et al. 1987). hi other studies,
Lumsden et al. (1983) showed that compost added to soil infested with Pythium spp.
either did not affect damping-offin peas (Pisum sativum L.) and beans (Phaseolus
vulgaris L.) or in some cases increased it. When enough time was allowed after the
compost was added for resident microbial flora to be affected, disease enhancement was
reversed and the soil suppressed these diseases (Lumsden et al. 1983).
High organic matter content in Australian soils improved soil structure, moisture
holding capacity, and provided a complex microflora antagonistic to plant pathogens
(Broadbent and Baker 1975). Damping-offhas not been reported as an economic
problem in rice in tropics (Ou 1985). However, in the US, this disease occurs in waterseeded rice in California (Webster et al. 1970; Webster and Gunnel 1992) and Louisiana
(Lamey 1965) and is considered a problem in water-seeded culture (Anonymous 1987;
Groth et al.1991; Rush and Schneider 1990; Schneider et al. 1988).
Even though there are reports of dead weed biomass reducing rice stands in no-till
and reduced tillage (Bollich and Feagiey 1994; Jordan et al. 1995), and information is
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available for rice seedling diseases for conventionally grown rice, neither the cause of
poor stand establishment in no-till rice or its interaction with seedling disease are known.
Therefore, one of the objectives of this research was to evaluate the interaction of rice
seedling disease, caused by Pythium spp., with the dead weed biomass in no-till
compared with tillage in respect to seedling stand establishment in no-till water-seeded
rice. A second objective was to evaluate density ofdead weed biomass on rice stands in
a no-till system.
MATERIALS AND METHODS
Interaction of Pythium and tSUge system in rice. The effect of tillage systems
(conventional tillage vs. no-till) on rice stands and its interaction with Pythium spp. was
evaluated in the field at the Rice Research Station at Crowley, Louisiana. Plots were 1.8
m wide by 6 m long, and experiment was initiated in May 1996 with a randomized
complete block design with four replications. Tilled plots were prepared with two passes
of a rototiller. No-tillage plots were not tilled but treated with paraquat (l.r-dimethyl4,4l-bipyridinium ion) (Anonymous 1994) at 0.9 kg ai/ha one week before rice seeding
(Bollich and Sanders 1993). Weed biomass dry matter was 3.S t/ha. Predominant weeds
included eclipta (Eclipta prostrata L., sedges (iCyperus spp.), low spearwort
(Ranunculuspusillus L.), hairy buttercup (Ranunculus sardous Crantz), and
alligatorweed (Heteranthera philaxeroides Mart. Griseb.). Weeds were controlled by a
broadcast application at 4 WAS with a mixture of propanil (N-(3,4-dichlorophenyi)
propanamide) at 4.9 kg ai/ha mixed with bentazon (3-(l-methyletbylHlH)-2,1,3-benzo
thiadiazin-4(3H)-one 2,2-dioxide) at 1.3 kg ai/ha applied with a C02 backpack calibrated

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

67
to deliver 95 i/he spray volume at 140 kPa. The fungicide metalaxyl (N-(2,6-dimethyl
phenyI)-N-(methoxyacetyI)-aianine methyl ester) (Thompson 1994), which is highly
specific in its activity against Pythium spp. and other oomycetes, was broadcast at 1.2 kg
ai/ha with a COj back-pack calibrated to deliver 2001/ha spray volume at 170 kPa. The
fungicide was applied to half of the conventional tillage and no-tillage treatments (+
metalaxyl) in order to evaluate the effects of Pythium and its interaction with tillage
systems. The other half of the conventional and no-till treatments were not treated. The
experimental area was flooded one day after metalaxyl application, and plots were handseeded with pregerminated ‘Lemont’ rice cultivar at 130 kg seed/ha. Seedling
establishment was determined 2 and 4 weeks after seeding (WAS)16by counting the
number of seedlings in a randomly placed wire frame (30 x 30 cm) three times in each
plot and calculating the average value. At 4 WAS, 25 rice seedlings were collected from
each plot, oven dried at 60 C for 2 days, and weighed. At maturity, plots were
mechanically harvested, the grain was weighed, and 1 kg sub-samples were oven-dried at
60 C for 2 days, and weighed. Yields were adjusted to 12% moisture. Data were
analyzed using analysis of variance, and Fisher*s Protected LSD test was used for mean
separation at the 5% probability level.
Effect of weed biomass densities on rice stand. The effect of biomass levels of
alyceclover (Alysicarpus vaginalis L.) (Thro et al. 1987) and ryegrass (Lolium
multiflorum Lam.) was evaluated on water-seeded rice seedling establishment in the
greenhouse. Ryegrass is used as a cool-season pasture crop and is a common winter
^Abbreviations: weeks after seeding (WAS), days after seeding (DAS).
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weed in agronomic cropping systems17(Anonymous 1995), and alycedover is a summer
legume used in Louisiana for forage grass production (Thro et al. 1987), and is common
on roadsides and noncropland areas17. The levels of weed biomass pressure used were 0,
25, 50,75, and 100% coverage. The weed biomass levels were established as follows:
alycedover was seeded at 11 kg/ha and ryegrass at 132 kg/ha into 0.24 m2 (60 x 40 x 10
cm) 35.6 L plastic containers filled with 14.5 kg sterilized ‘Crowley’ silt loam soil that
had been collected from the field site at Crowley, LA. Inoculant Nitragin*11was mixed
with alycedover seed at recommended rates of 0.4% (w/w) before seeding11. Seeds
were planted and covered with a 0.5 cm layer of soil. Containers were irrigated daily
until plants were approximately 20 cm tall. A hail screen was then placed above the
plastic containers, and the alycedover and r y e g r a s s plants growing in the area
corresponding to the pre-established ground coverage weed levels were randomly cut at
the soil line. Levels of weed biomass corresponded to 0,25, 50, 75, and 100% ground
cover.
Once the weed levels were established, the standing weed biomass was dessicated
with paraquat at 0.9 kg ai/ha applied using a C02backpack sprayer calibrated to deliver
95 L/ha at 140 kPa. After 2 days, containers were flooded and pregerminated
‘Maybelle’ rice was evenly sown at 150 kg seed/ha (150 pregerminated seeds per 0.24
m2 soil surface in each plastic container). The containers were drained 1 day after
seeding by siphoning with a plastic hose. After rice seedlings were anchored to the soil,
17Griffin, J. Personal communication.
irLipahtec, Inc. Milwaukee, W I53201.
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containers were reflooded, taking care not to cover the rice seedlings with water. Rice
seedling stands were determined by counting the number of seedlings at 2 and 4 WAS.
The seedlings were harvested at 4 WAS, oven-dried at 60 C for 2 days, then weighed. A
randomized complete block design with four replications was used. The experiment was
repeated twice in January 1996 for ryegrass and in April and May 1996 for alycedover.
Data were analyzed by analysis of variance, and means were separated using Fisher's
protected LSD Test at the 5% probability level.
RESULTS AND DISCUSSION
Interaction of Pythium and tillage system in rice. The number of rice seedlings/m2 for
the tillage treaments, with and without metalaxyl are presented in Table 4.1. Within each
individual tillage treatment, rice stand establishment was equivalent whether or not
metalaxyl was added. When comparing the conventional and no-tillage systems, rice
seedling establishment, with or without metalaxyl, was 3.0 and 2.6 times greater for the
conventional system at 2 and 4 WAS (Table 4.1). Apart form the metalaxyl response,
these foldings confirm those ofBollich and Feagiey (1994). At the same time, Pythium
spp. did not seem to play a role in the rice stand reduction in the no-till treatment
because the addition of metalaxyl did not affect the rice seedling populations in either
tilled or no-tilled systems.
These results are in contradiction to those of Lumsden et al. (1987) who observed
that damping-off caused by Pythium spp. was more severe in conventional tilled soils
compared to fields where large amounts o f vegetation and «iim»l manure were
incorporated. In the present study, rice plant dry weight was equivalent for the tillage
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Table 4.1. Rice seedling stands at 2 and 4 weeks after seeding (WAS), rice plant dry
weight at 4 WAS, and rice yield in conventional and no-dll systems with and without
metalaxyl treatments.
Rice yield

Rice
seedlings/m2
2 WAS

Rice
seedlings/m2
4 WAS

No.

No.

(mg/plant)

(kg/ha)

CT* + metalaxyf

461

361

107

4380

CT

Rice plant
dry weight

metalaxyl*

436

403

128

4499

NT* +

metalaxyl

153

153

122

3732

NT

metalaxyl

150

142

118

3701

119

109

NS

NS

(P = 0.002)

(P® 0.006)

-

LSD (0.05)

II
o
w

-

9
II
©

Treatment

*Conventional tillage.
"No-till.
‘Applied broadcast 1 day before flooding at 1.2 kg ai/ha.
‘No metalaxyl treatment.
treatments with or without metalaxyl (Table 4.1). Even though there was no significant
difference in rice yield between the tillage systems, the conventional tilled treatment with
and without metalaxyl provided a 773 kg/ha increase in yield when compared with the
no-tilled +/- metalaxyl treatments (Table 4.1). Results of this experiment clearly show
that rice rice stands are reduced in the no-till water-seeded rice system, and that Pythium
spp. are not the primary cause of this problem.
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Effect of weed biomass density oa rice stand. Even though fields are generally
infested with multiple weeds, evaluation of individual weeds msy provide t better
understanding of their effects on rice stand. In the greenhouse experiments with varying
biomass densities of alycedover and ryegrass, the number o f pregerminated rice seeds
entangled in the dead biomass was determined 1 day after seeding (DAS)16(Table 4.2).
The percentage of entangled pregerminated rice seeds with no weed removal (equivalent
to a no-till treatment) was 4% for alycedover and 11% for ryegrass. For ryegrass,
percentage entangled seed values was 10,3,2, and 0% for the 25, 50, 75, and 100%
weed removal treatments, respectively, compared with 3 ,4 ,1 , and 0%, respectively, for
alycedover. These differences need to be taken into consideration in the field where
weed spedes may be present, either in mixed populations or dominating an area.
Where weed biomass was not removed total dry weight of atydover and ryegrass was
17.4 and 6.6 g/m2 (Table 4.2). Removal of alydover at 0,25, 50, and 75 resulted in
lower numbers of rice seedlings/m2 at 2 WAS, relative to the 100% weed removal. In
the case of ryegrass the number of rice seedlings/m2 at 2 WAS was equivalent regardless
of percent weed removal.
These results show that weed biomass present at time o f water-seeding should be
considered in a no-till system. Weed biomass interference with rice seed-soil contact
may play a role in rice stand reductions. Also reduction in rice stand in a no-till system
appears to be weed specific. Such factors as weed growth habit, herbidde susceptibility,
sue at application, and speed of herbidde kill could impact weed interference potential.
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Table 4.2. Pregerminated rice seeds entangled in dead alycedover and ryegrass biomass 1 day after seeding (DAS), alycedover
and ryegrass biomass 3 days before seeding (DBS), and number of rice seedlings 2 weeks after seeding (WAS) as influenced by
percent weed removal.___________________________________________________________________________
Alycedover

Percent
weed
removal

Entangled
rice seeds*
%b

Dry weight6

g/0.24 m2

Ryegrass

Rice
seedlings
2 WAS*

Entangled
rice seeds!*

Dry weight6

Rice
seedlings
2 WAS*

No.

%6

g/0.24 m2

No.

0%

4%

17.4

68

11%

6.6

63

25%

3%

9.3

67

10%

4.1

71

50%

4%

6.4

78

3%

2.9

72

75%

1%

3.7

81

2%

0.7

69

100%

0%

0

109

0%

0

76

LSD (0.05)

2%

2.5

16

4%

1.4

NS-

*Atotal of 1SOpregerminated seeds was planted per container (0.24 m2). Values are percent entangled pregerminated rice
seeds.
'Results represent data for one experiment for each weed.
Data from two experiments were pooled.
*P = 0.86.
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CHAPTERS
WATER-SEEDED AND DRY-SEEDED RICE (Oryza sativa L.) RESPONSE TO
PREPLANT HERBICIDE APPLICATION
INTRODUCTION
Interest in no-till rice culture has increased in recent years due in part to a shift
toward reduced tillage systems in other agronomic crops (Shear 1985). For a no-till or
reduced-till system to be successful in rice, control of existing winter and summer annual
grass and broadleafweeds is imperative. Rice seedling emergence and stand
establishment can be hindered in reduced tillage production (Jordan et al. 1995). In no
till water-seeded rice, entanglement of rice seedlings with dead weed biomass can
interfere with the anchorage of the rice seedlings on the soil (Bollich and Feagiey 1994).
Herbicide with residual activity applied preplant can negatively impact germination
and growth of the crop. The herbicide 2,4-D ((2,4-dichlorophenoxy)acetic acid) is
presently registered for preplant weed control in soybean {Glycine max L. Merr), but
the label prohibits planting of the crop until 30 days after application because of potential
soil residual crop injury (Anonymous 1994a; Griffin 1996). The time period between
herbicide application and planting is directly related to the rate of herbicide degradation
(Anonymous 1977). Several Actors including temperature, moisture, aeration, and
microbial populations, as well as herbicide application rate can affect degradation rate
(Ashton, F. M. and T. J. Monaco 1991).
Half-life is the time required for pesticide concentration in soil to reach one-half of
the original amount applied (Anonymous, 1989). For example, a period of three half-
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lives would reduce a soil concentration to one-eighth of the initial amount. Half-lives
can vary by a factor of three or more depending on soil moisture, temperature, oxygen
availability, soil microbial population and other factors (Weber and Lowder 198S). If
varying rates of a herbicide are applied to a soil simulating degradation rales, a
correlation with crop injury can be made in relation to the herbicide half-life19. This type
of information can give an indication o f when a crop can be safely planted following
herbicide application provided that actual half-lives are known. Quinclorac (3,7-dichloro
-8-quinoIinecarboxylic add), used in rice (Anonymous 1994b; Bravennan 1995a; Chism
et al. 1991; Smith 1990; Street and Muller 1993), 2,4-D (2,4-dichlorophenoxy acetic
add), used for broadleafweeds in several crops and in follow (Anonymous 1994a),
triclopyr [[(3,5,6-trichloro-2-pyridinyl)oxy]acetic add], used in noncrop land areas,
forests, and rice (Anonymous 1994c; Bahazar and Smith 1994; Bravennan 1995b; Helms
et al. 1994; Hopkins et al. 1990; Pantone and Baker 1992; Smith 1988; Street et al.
1992), oxyfluorfen [(2-chIoro-1-(3-ethoxy-4-nitropbenoxy)-4-(trifluoromethyl)benzene]
(Anonymous 1994d), and thifensulfuron [methyl 3-[[[[(4-methoxy-6-methyl-1,3-5triazin-2-yI)amino]carbonyl] amino]sulfonyl]-2-thiophene carboxylate] (Anonymous
1994e) + tribenuron [methyl 2-[[[[(4-methoxy-6-methyl-1,3,5-triazin-2-yl)inethylamino]
carbonyl] amino]sulfonyl[benzoate] (Anonymous 1994f) used for dicots weeds in
soybeans and cereals (Gast et al. 1990; Sionis et al. 1985) have potential for use in rice
preplant weed control programs.

17Braverman, M. P. Personal communication.
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Soil persistence overtime and under different environmental conditions has been
evaluated for quinclorac (Wauchope et al. 1992), 2,4-D (Altom and Strizke 1973;
Johnson and Lavy 1992; Johnson et al. 1995a; Johnson et al 1995b; Parker and
Doxtader 1983; Solomon et al. 1988; Smith et aL 1989; Thompson et aL 1984), tridopyr
(Jotcham et al 1989; Lee et al 1986; Newton et al. 1990; Norris et a l 1987; Parker and
Doxtader 1983; Stephenson et al 1990), oxyfluorfen (Wauchope et al. 1992), and
thifensulfiiron + tribenuron (Blair and Martin 1988; Smith et al. 1990). Half-lives have
been determined for quinclorac (5 and 10 days, for water-and dry-seeded rice,
respectively20), 2,4-D add (10 d, Wauchope et al. 1992), tridopyr (30 d, ranging from
10-46 d depending on soil type, moisture, and temperature, Wauchope et al. 1992),
oxyfluorfen (35 d, Wauchope 1992), and thifensulfiiron + tribenuron (10 d at pH 6, any
rotational crop can be planted 60 d after application) (Beyer et al. 1987; Gunther et al.
1989).
The objective of this study was to evaluate residual effects of varying rates of
quinclorac, 2,4-D, tridopyr, oxyfluorfen, and thifensulfiiron + tribenuron on rice grown
under water-and dry-seeded conditions in the greenhouse. Preliminary results from this
study can be used as baseline data for subsequent fidd evaluations under no-till and
reduced tillage rice systems.
MATERIALS AND METHODS
Rice variety 'MaybeUe' was seeded in 15 cm plastic cups containing 420 g Crowley
silt loam (fine montmorillonitic, thermic Typic Albaqualf) soil 2.2% organic matter
1*BASF. Research Triangle Park, Raleigh, NC 27695.
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content and pH 6.3, to simulate dry-and water-seeded plantings. The two greenhouse
experiments were conducted in March and May 1995. In the simulated dry-seeded
system, Maybelle rice cuhivar seeds were planted 2.5 cm deep after which herbicides
were applied with a C02 spayer calibrated to deliver 95 L/ha spray volume at 140 kPa.
In the simulated water-seeded system, herbicides were applied to the soil surface using
the same sprayer described previously but a shallow flood (0.5 cm) was imposed
immediately and pregerminated Maybelle rice cuhivar seeds were planted. Herbicides
quinclorac, 2,4-D, tridopyr, oxyfluorfen, and thifensulfiiron + tribenuron were evaluated
at rates of 1,1/2,1/4,1/8, and l/16th of their labeled recommendations rates. These lx
rates were 0.43 kg ai/ha (quinclorac), 0.56 kg ai/ha (2,4-D), 0.43 kg ai/ha (tridopyr),
0.56 kg ai/ha (oxyfluorfen) kg ai/ha, and 37 g ai/ha (thifensulfiiron + tribenuron). A
nontreated control was included for comparison and all plots were maintained weed free.
A randomized complete block experimental design with a factorial arrangement of
treatments with four replications was used. Factor one was the rice seeding system (dryand water-seeded), factor two was herbidde treatments including the nontreated control,
and factor three was the herbidde rates. Sdection of the range in herbidde rates was to
simulate residue levels of herbidde that could be present at planting.
Rice injury at 2 and 4 weeks after seeding was determined visually using a scale of 0
to 10054, with 0 * no injury and 100 = death of all rice plants. Also at 4 weeks after
seeding, rice hdght was measured from the soil surface to the tip o f the longest leaf, and
above ground biomass of rice plants were harvested and dried at 60 C to constant
weight. Data were analyzed using analysis of variance. For all the parameters measured,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

80
a significant rice seeding system x herbicide x rate interaction was observed. An
interaction with experiments, however, was not observed and data were pooled across
experiments. Regression analysis was performed for the herbicide rates using SAS
(1988) and used to calculate herbidde rate required to cause 20% injury with 95%
confidence intervals determined. The 20% injury level was selected since under field
conditions at this level, complete rice recovery should occur17. Percent concentration of
herbicide causing 20% injury was determined by dividing the I,,, value by the lx rate of
each individual herbicide.
RESULTS AND DISCUSSION
Herbicide rate required to cause 20% visual rice injury and predicted percent of
herbicide remaining in soil to cause 20% injury, for both water-and dry-seeded systems
are presented in Table S.l. The herbicides 2,4-D and oxyfluorfen caused 20% rice injury
with 0.06 and 0.08 kg/ha under the water-seeded system, which equalled 11 and 14% of
the highest (x) rate, respectively. Tridopyr and thifensulfiiron + tribenuron caused 20%
rice injury with values of 0.16 and 0.013 kg/ha, or 37 and 36% of the highest (x) rate,
respectively. Quinclorac rates causing 20% rice injury was 0.34 kg/ha or 79% of the
applied rate, which was the highest value for all treatments. These results for tridopyr
are consistent with findings of Johnson et al. (1995) in which persistence of tridopyr
increased when applied before flooding.
For the dry-seeded system, tridopyr caused 20% rice injury with 0.07 kg/ha, or 16%
of the herbidde remaining in soil (Table 5.1). The herbiddes 2,4-D, and oxyfluorfen
caused 20% rice injury with 0.14 and 0.17 kg/ha, or 25 and 30% of the applied rate,

.Ji!
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Table 5.1. Herbicide rate required to cause 20% visual rice injury (I*,), and predicted percent herbicide remaining in soil
responsible for 20% rice injury under simulated water-and dry-seeded systems.
Percent concentration
to cause IMb

lx values'
Herbicide

Water-seeded

Dry-seeded

Water-seeded

herbicide rate (kg/ha)

Dry-seeded
%

Quinclorac

0.34 ± 0.06*

0.184:0.03

794:14

424:7

2,4-D

0.06 ± 0.02

0.14 4:0.04

114:4

25 4:7

Tridopyr

0.164:0.04

0.074:0.02

374:9

164:4

Oxyfluorfen

0.08 4: 0.02

0.174:0.04

144:4

304:7

Thifensulfiiron + tribenuron

0.013 4=0.003

0.024:0.008

364:8

544:21

*!» values were calculated from regression equations for each herbicide and based on injury rating 2 weeks after seeding.
‘Values calculated by dividing Ix value by the x rate of each respective herbicide. The x rates were 0.43 kg ai/ha (quinclorac),
0.56 kg ai/ha (2,4-D), 0.43 kg ai/ha (tridopyr), 0.56 kg ai/ha (oxyfluorfen), and 0.037 kg ai/ha (thifensulfiiron + tribenuron).
'Values for 95% confidence intervals.
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respectively. Quinclorac, and thifensulfuron + tribenuron caused 20% rice injury with
0.18 and 0.02 kg/ha, or 42 and 54%, respectively, of the herbicide remaining in soil.
With the known half-lives of the herbicides and the rates causing 20% rice injury, the
predicted number of half-lives required to reach 20% injury were calculated (Appendix
A).
Regression equations and correlation coefficients for rice injury, rice seedling height,
and dry weight for water-and dry-seeded systems are presented in Table 5.2. Rice injury
for all herbicides showed a positive linear response with increasing herbicide rate. In
comparing the slopes of the regression equations, the increase in rice injury with
increasing herbicide rate for quinclorac and tridopyr was 2.2 and 1.6 times greater,
respectively, in the dry-seeded than in the water-seeded system. A negative linear
response to herbidde rate was observed for rice seedling height and dry weight. The
decrease in rice dry wdght with increasing herbidde rate for quinclorac was 5.1 times
greater and for tridopyr 2 times greater for the dry-seeded than for the water-seeded
system.
Results show that oxyfluorfen, 2,4-D, and tridopyr were most injurious to rice under
the water-seeded system, while tridopyr and 2,4-D were most injurious in the dryseeded system. Quinclorac and thifensulfuron + tribenuron were least injurious to rice
under both seeding systems. Tridopyr, oxyfluorfen, 2,4-D, quinclorac, and
thifensulfiiron + tribenuron may play an important role in control of weeds preplant.
Field experiments are neeeded to determine differences in weed control and residual
effects on rice in reduced tillage systems.

i

j
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Table 5.2. Regression equations and correlation coefficients for rice injury, rice seedling height, and dry weight for water-and
dry-seeded systems.
Dry-seeded

Water-seeded
Equation
Herbicide

Correlation
coefficient

Equation

Correlation
coefficient

Rice injury (%)
Quinclorac

y* = 2.7 + 50.9xb

0.66

y = -0.1 + U2.1x

0.84

2,4-D

y = 12,2+ 125.8x

0.83

y = 0.9+ 137.4x

0.83

Tridopyr

y = -0.8 + 132.7x

0.68

y = - 5.3 + 212.3x

0.90

Oxyfluorfen

y = 5.2 + 173. lx

0.96

y = 1.1 + 110,7x

0.34

Thifensulfuron + tribenuron

y = 2.9 + 1.3x

0.82

y= l,2 + 0,9x

0,55

kxjCc neigm ^cm/

1

Quinclorac

y = 31.2- 10.5x

0.08

y = 30,3 - 20.9x

0.18

2,4-D

y = 28.5 - 32.4x

0.54

y = 28.6 - 24.9x

0.36

Tridopyr

y = 30.4-3l.5x

0.32

y = 30.3 - 55. lx

0.64

(Table 4.3. con'd.)
00
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Oxyfluorfen

y = 27.1 - 22,9x

0.24

y = 30.6 - 28.7x

0.34

Thifensulfuron + tribenuron

y = 31.1 - 0,5x

0.36

y = 30.9 - 0.4x

0.34

mcc oiy weigni img/puuii/

■

Quinclorac

y = 76,7 - 23.9x

0.03

y = 89.7 -120.7x

0.25

2,4-D

y =57.4- 100.7x

0.82

y = 60.9 - 79.1x

0.33

Tridopyr

y = 58.9 - 75.3x

0.30

y = 70,6 - 150.9x

0.47

Oxyfluorfen

y = 59.5 - 119.7x

0.33

y = 73.5 - 93.6x

0.30

Thifensulfuron + tribenuron

y = 65.3 - 1.3x

0.36

y = 77.1 - 1.6x

0.45

*y = rice injury (%), rice seedling height (cm), and rice seedling dry weight (mg).
kThe x herbicide rates were 0.43 kg ai/ha (quinclorac), 0.36 kg ai/ha (2,4-D), 0.43 kg ai/ha (tridopyr), 0.S6 kg ai/ha
(oxyfluorfen), and 0.037 kg ai/ha (thifensulfuron + tribenuron).
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CHAPTER 6
SUMMARY
Rekl studies were conducted to compare herbicide bumdown treatments for red rice
control in rice under no-till water-seeded conditions. Red rice control at seeding with all
treatments was greater than the control, but was not improved with the addition of
thiobencarb. Red rice control at seeding was higher when treatments w oe applied 14
days before seeding (DBS), compared with 3 DBS, and treatments applied 3 DBS were
more effective than those applied 28 DBS. At 11 weeks after seeding (WAS), paraquat
and sulfosate combined with thiobencarb provided greater red rice control when applied
3, and 7 DBS than 14 and 28 DBS. When applied 3 DBS, paraquat or sulfosate plus
thiobencarb, and paraquat alone resulted in the greatest red rice control 11 WAS. The
addition of thiobencarb to paraquat decreased the number of red rice tillers at 11 WAS
when compared with paraquat alone. Rice yield increased and percent red rice decreased
with paraquat or sulfosate, combined with thiobencarb, compared with the control. Rice
yield increased when herbicides were applied at 3 and 7 DBS, compared with 14 and 28
DBS. Overall, bumdown treatments in no-till water-seeded rice should be applied 3 or 7
DBS.
Studies were conducted to evaluate the potential allelopathic effects of selected weed
extracts at the O.lx and Ix concentrations on rice seedling shoot and radicle growth.
Cursed buttercup, hairy buttercup, low spearwort, and red rice at the lx concentration
reduced rice seedling shoot and radicle growth. At the O.lx weed extract concentration,
rice shoot length was reduced by all the weed extracts except aOigatorweed. Rice shoot
89
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dry weight was reduced only by cursed buttercup and red rice. All weed extracts
reduced rice radicle length; slligatorweed and cressleafgrounsd did not reduce rice
radicle dry weight. Decreased length and dry weight of rice radicle and shoot caused by
weed extracts may play a factor in the rice stand reduction observed in a no-till rice
water-seeded culture.
Extracts from glyphosate or paraquat-treated blueeyed-grass and toad rush, and
paraquat-treated low spearwort and glyphosate-treated cressleaf groundsel reduced rice
shoot length at least 17% when compared with the control Extracts o f blueeyed-grass
and cressleafgroundsel treated with glyphosate and blueeyed-grass treated with paraquat
reduced rice shoot dry weight at least 42% when compared with the control. Only
extracts of blueeyed-grass treated with paraquat reduced radicle dry weight. Red rice
radicle length and dry weight were reduced with cursed buttercup alone and low
spearwort and cressleaf groundsel treated with paraquat. Results suggest that weeds
treated with paraquat in a no-till system may have a greater inhibitory effect on rice than
weeds not treated. A herbicide like paraquat would be necessary in a no-till waterseeded rice system. Of significance, is that the same inhibitory effect from extracts of
paraquat-treated weeds was also observed on red rice.
In greenhouse studies, the addition of cressleaf groundsel extract containing 16,32,
64,128, and 256 ppm in the presence of a highly virulent strain of Pythium
arrhenomanes increased rice emergence. Rice seedling height and dry weight followed a
positive linear response with the addition of increasing cressleafgroundsel extract rates
in the presence of Pythium. In laboratory studies, colony radial growth o fP.
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arrhenomanes strains 1398 and 34-3 were reduced with 520 and 260 ppm of the
cressleafgroundsel extract, respectively. A concentration of 1280 ppm of the weed
extract caused a total inhibition of P. arrhenomanes 34-3 colony growth. Pythium
irregulars 1371 and 1380 colony diameter was reduced with weed extract
concentrations of 1020 ppm or more of the weed extract when compared with the
nontreated control. Pythium ultimum 211 and 23-5 colony radial growth was reduced
with 260 and 520 ppm of the weed extract, respectively. Even though aqueous cressleaf
groundsel extracts also provided an inhibitory effect on rice seedling growth, the
concentration required to inhibit Pythium spp. was much less, indicating a margin of
selectivity with possible implications in disease management
Results from field studies show that weed biomass present at time of water-seeding
should be considered in a no-till system. Weed biomass interference with rice seed-soil
contact may play a role in rice stand reductions. Also, reductions in rice stand in a no-till
system appeared to be weed specific. Such factors as weed growth habit, herbicide
susceptibility, size at application, and speed of herbicide kill could impact weed
interference potential.
Estimated rates of quinclorac, 2,4-D, triclopyr, oxyfluorfen, and thifensulfuron +
tribenuron required to cause 20% visual rice injury were 0.34,0.06,016,0.08, and 0.013
kg ai/ha, respectively, for water-seeded systems, and 0.18,0.14,0.07,0.17, and 0.02 kg
ai/ha, respectively, for dry-seeded systems. The predicted percent herbicide remaining in
soil that caused 20% rice injury in water-seeded systems was 7 9 ,11,37, 14, and 36%,
respectively, of the original rate for the same herbicides. For the dry-seeded system the
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percent herbicide remaining in soil that caused 20% rice injury were 42,25,16,30, and
54%, respectively.
Results show that oxyfluorfen, 2,4-D, and triclopyr were most injurious to rice under
the water-seeded system, while triclopyr and 2,4-D were most hqurious in the dryseeded system. Quinclorac and thifensulfiiron + tribenuron were least injurious to rice
under both seeding systems. Triclopyr, oxyfluorfen, 2,4-D, quinclorac, and
thifensulfuron + tribenuron may play an important role in preplant weed control. Held
experiments are needed to evalute weed control and residual effects on rice in reduced
tillage systems.
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APPENDIX A: HERBICIDE HALF-LIVES
Herbicide half-lives, and predicted number of half-lives and days required to reach 20% rice injury under water-and dry-seeded
systems.
Predicted half-lives
Herbicide

Half-life

Water-seeded

Dry-seeded

- number---------------

Days

Predicted days
Water-seeded

Dry-seeded

-------------number-

5-10*

0.4 ± 0.3k

1.6 ±0.2

2± 1.5

16 ± 1.2

2,4-D

10

3.1 ±0.1

2.6 ±0.2

31 ± 1

26 ±2

Triclopyr

30

1.7 ±0.2

2.8 ±0.2

51 ± 6

84 ±6

Oxyfluorfen

35

2.9 ±0.1

1.7 ±0.2

102 ± 4

67 ±7

Thifensulfuron + tribenuron

12

1.7 ±0.2

0.9 ±0.4

20 ± 2

U ±S

Quinclorac

‘Values for water-and dry-seeded conditions, respectively. Source: BASF, 1997. Other half-lives obtained from Anonymous
1994.
"Values for 95% confidence limits.
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APPENDIX B: ADDITIONAL RESEARCH METHODOLOGY
Information related to several experiments conducted during Mr. Mendt’s Ph.D.
program, where no significant differences were obtained, included the effect o f weed
biomass on rice and the effect of tillage on midges, rice water weevil and birds in the
field, and on Pythium measured in the field and laboratory. The objectives o f the
experiments ate presented before the materials and methods used such that this way
serve as a reference for future researchers interested in this area of study.
Objectives. To determine the influence o f different levels of weed biomass levels
pressure, tillage, and rice seeding rates, and several pests (midge, rice water weevil,
birds, and Pythium), Ot and pH on no-till rice seedling establishment in the field.
Fidd weed biomass study. Two experiments were conducted at the Rice Research
Station at Crowley, Louisiana, in May 1994, and 1995. Rice cultivar used was
pregerminated ‘MaybeUe’ at a seeding rate of 112 kg/ha. A randomized complete block
experimental design and four replications was used. The size of the plots was 1.8 m
wide by 6 m long. The treatments being evaluated, weed density under no-till conditions
was, 0, 25, 50,75, and 100% of the weed biomass present in the field, and a hand-hoed
prepared plot to simulate a conventional tilled treatment. Weeds in the weed removal
treatment were removed with a gas powered weed eater. Three days after cutting the
strips, paraquat was applied at 0.9 kg ai/ha + surfactant21 at 0.25% (v/v) as a bumdown
treatment. The field was flooded three and one weeks before seeding the rice, in 1994,

21X-77 Spreader. Principal functioning agents, alkylarylployoxethylene glycols, free fatty
acids, isopropanol. Valent USA Corp., Walnut Creek, CA 94596-8025.
94
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and 1995, respectively. Rice seedlings stands were counted 2 and 4 weeks after seeding
by using a 30 x 30 cm wire frame.
When mature, rice was mechanically harvested in 1994 and hand-harvested in 1995
because of severe lodging by winds. Sub-samples were oven-dried at 60 C during 2 days
and weighed, and yields adjusted to 12% moisture. Data were analyzed using analysis of
variance, and means were separated using Fisher’s Protected LSD test at 5% probability
level.
Oj and pH. For the 0 2 and pH measurements an oxygen meter22, and a pH meter23
were used, respectively. Oxygen was measured in the flood water at 1, 7, and 14 days
before and after rice seeding. For pH measurements, 1L water samples were taken 1,7,
and 15 days before and after rice seeding. A randomized complete block design with
four replications was used. Experiments were repeated in May 1994, and 1995. Data
were analyzed with analysis of variance and mean separation was done with Fisher's
Protected LSD Test at the 5% probability level.
No significant differences were observed in oxygen content and pH of the water
among biomass levels 2 weeks before and after rice seeding in a water-seeded system.
Midge population. For the midge population evaluation an insect emergence trap
designed by Kimerle and Anderson (1967), and modified by Way and Wallace (1989),
was used to collect emerging chironomids. Sixteen hundred grams of ‘Crowley’ soil
sieved through a 20 mesh screen were mixed with 30 grams of Bacto-Agar and 1000 ml
“ SI model 57, Yellow Springs Instrument Company, Yellow Springs, OH 45387.
“ Chemcadet* pH meter Model 5984. Cole-Parmer Instrument Co., Chicago IL 60648.
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o f near-boiling water, and poured into each Petri dish bottom (150 mm diam x 15 mm
high). Twenty five untreated, dry Temont' seeds were embedded in each dish with the
long axis of the grains parallel to the surface of the soil-agar mix. Seeds were evenly
spaced in the dishes with the embryo of each grain being exposed, and half of each grain
extended above the level o f the surface of the soil-agar mix. Three dishes were
submerged, evenly spaced in the plot in the no-till 0,50 and 100 percent weed removal
and the conventional tilled soil plots of Experiment 1, previously described.
At 12 days after submergence, (fishes were removed, the lid was placed over the
submerged dish, and the covered dish carefully raised above water level. Contents of the
<fish were thoroughly rinsed using a wash bottle containing water, and the rinsate poured
into a glass vial with 70% ethyl alcohol. All seeds were carefully removed with forceps
and placed into the same vial for later inspection of midge injury. Seeds were classified,
with the method described by Clement et al. (1977), into two categories: (a) Seeds with
total or partial consumption of the embryo due to the midge larvae invasion and (b) no
damage to seed. Larvae were counted for each sample. A randomized complete block
design with four replications was used. Experiments were repeated in May 1994, and
1995. Data were analized with analysis of variance, and means were separated using
Fisher's Protected LSD Test at the 5% probability level.
No differences were observed in midge population in the conventional and the weed
biomass density treatments used in the field.
Rice water weevil. In the no-till, and conventional tillage treatments three soil core
samples (10 cm diameter x 7.5cm long) with rice seedlings, randomly distributed in each
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plot, were taken in each of the four field replications o f the above mentioned treatments
of the Experiment 1, previously described. The number oflarvae per core was obtained
in the laboratory by placing the soil samples in a 10 L bucket with a 40-mesh screen
bottom following methodology by Smith et al. (1986). The soil was washed from the
plant roots through the screen bottom in the bucket and the soil thoroughly stirred in a
saturated salt-water solution. The bucket was pushed up and down vigorously in the
water several times. This procedure would force water up through the screen bottom
and help separate larvae from plant debris remaining in the bucket. The floating larvae
were removed and counted. A randomized complete block design with four replications
was used. Experiments were repeated in June 1994 and 1995. Data were analized using
analysis of variance and means were separated using Fisher's Protected LSD Test at the
5% probability leveL
No significant differences were observed in rice water weevil populations comparing
conventional and no-till treatments in the field.
Bird effect. To evaluate the effect of bird predation on rice seeds, a wire screen cage
was designed (30 x 30 x 15 cm). One cage was placed in each plot of Experiment 1,
previously described, before rice seeding. Seeds were hand-seeded at the three different
seeding rates 112,224, and 336 kg seed/ha. Counting of the rice seeds present in each
cage was done 1 day after seeding. Rice seedlings present were counted in each cage at
1 and 2 weeks after seeding. At the same time a 30 x 30 cm wire frame, was used to
count rice seeds and seedlings outside the cage in order to evaluate the effect of the birds
on uncovered or unprotected seedling rice populations. Counts were done so that a
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percent equivalent to the weed biomass pressure level being evaluated was covered, and
the rest of the fiame covered area was weed free. Experiments were conducted in May
1994 and May 1995. Data were analyzed using analysis of variance, and means were
separated using Fisher's Protected LSD Test at the 5% probability level.
No differences were observed in rice seedling populations in the field using covered
and uncovered treatments to evaluate the bird effect 1 and 2 weeks after seeding.
Pythium-metalaxyl-tilUge system interaction. Greenhouse soil bioassay. Fifty
’Lemont’ rice seeds were planted m a 2 L plastic container containing 0.4 kg of
‘Crowley’ soil, from no-till and conventional tilled field plots, in the greenhouse. Half of
the bowls from each tillage treatment were treated with metalaxyl at 5 ppm mixed in a
1.5 L solution with deionized water per container. Rice seedling emergence was
evaluated 2 and 4 weeks after seeding. Seedlings were counted, harvested, oven-dried at
60 C during 2 days, and weighed. Experiments were repeated in May 1994 and in June
1995. A randomized complete block experimental design with six replications was used.
Data were analyzed using analysis of variance and means were separated using Fisher's
Protected LSD Test at the 5% probability level.
IVhiHm-metalaxyl-tfllage interaction. Laboratory study 1. Dilution plates.
Effect o fPythium on rice seedlings from tilled and no-till plots treated and nontreated
with methalaxyl were evaluated in the laboratory. Pythium was isolated from 4-weekold rice seedlings used in the greenhouse and field experiments mentioned above. Fresh
and dry weight of the roots was determined. Dissected roots of 30 rice seedlings were
washed with buffered deionized water, mixed with sterile buffered deionized water, and
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stirred 10 minutes. The water was removed by filtration and the roots dried on a paper
towel. Roots were weighed and blended with 200 ml sterile buffered deionized water for
60 seconds, and 0.S ml of the root-extract was added into each sterilized petri dish.
For the pimaririn-vancomycm-pcntachloronitrobenzenc (PVP) medium, 17 g of commeal-agar (CMA) were mixed in 1 L of deionized buffered water and autoclaved.
Seventy five mg of pentachloronitrobenzene (PCNB) were mixed with IS ml o f 95%
ethanol.
Individual test tubes with 10 ml each of buffered distilled water were autoclaved and,
once cooled, 300 mg of the antibiotics vancomycin and spectinomicyn were added into
separate tubes and vortexed. This reduced the risk of growth of other microorganisms in
the PVP medium. After the CMA medium had cooled to 45C in a water bath, 0.4 ml of
pimaricin, and S ml of PCNB, vancomycin, and spectinomycin solutions were added and
swirled individually. Fifteen ml of PVP medium were added into each petri dish already
containing the 0.5 ml of root extract, swirled and stored in the dark at room temperature
(26 C). Pythium colonies were counted at 24 and 48 hours, and the number of colonies
per gram of fresh root weight was determined. A randomized complete block
experimental design with four replications and five plates per replication was used.
Experiments were repeated twice in June and July, 1995. Data were analyzed using
analysis of variance and means were separated using Fisher's Protected LSD Test at the
5% probability level. Number o fPythium colonies per gram of rice fresh root weight
were not different for the conventional and no-till soil treatments.
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/^tfuMm-aietalaxyt-tilUge interaction. Laboratory study 2. Whole root plating.
The same PVP medium previously described for the dilution plates was used for this
procedure, except that the amount of CMA medium added in each petri dish was 20 ml.
For Pythium isolations whole roots were cut, washed with deionized water, and 1 cm
root pieces were washed in autoclaved deionized water, dried on a sterile paper towel,
and pressed into hardened medium The number of Pythhm-wStsxsd rice root pieces
was established for the conventional and no-till treatments. A randomized complete
block experimental design with four replications and five plates per replication was used.
Experiments were repeated twice in June, 1995. Data were analyzed using analysis of
variance and means were separated using Fisher's Protected LSD Test at the 5%
probability level.
There were no differences in the number of Pythium infested rice root pieces for the
conventional and no-till treatments.
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